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oLt In November 1973, the Natiohal Aerongutics and Space Administration.(NASA)
" * ajpked the National Academy of Engineering* to conduct a summer study of futare
. » applications of space systems, with particuldr ,emphasis on-gracticzl approaches, , -
taking into consideration socioeconomic benefits. NASA askeéd that the study
also consider how these-applications would influence or Be influenced by the
Space Shuttle System, the principal space transportatiorr system of the 1980's.
' In December 1973, the Academy agreed to perform the study and-assigned the task
. . to the Space Applications Board (SAB) cet . -
. " . - In'the summeTS of 1967 and 1968, the National Academy of Sciences had .
.+ ., -convenéd a grqup of eminent scientists and engineers to determine what research
¥ " and development was necessary to permit the exploitation of useful .applications:
P of earth-oriented satellites. The -SAB concluded that since the NAS study, . b
¢ operdtional weather and communications.satellites and the successful first.year
of use of the experimenéﬁl Earth Resources Technology.Satellite had demonstrated *
‘conclusively a technological capability that could form a foundgtion for ex-
panding the useful dpplications of space-derived~information and services, and -
. that it was now necessary to obtain, from a broad cross-section of potential )
= users, new ideas and needs that might guide the development of future space
systems for practical applications. . ) ‘X-
After discussions with NASA and other interested federal agencies, it was
- agreed that a major aim of the summer study should be to involve, and to
. attempt to understand the needs of, resourge managers and other decision-
* ' . makers who had as yet only considered space systems as experimental rather
than as useful elements of major day-to-day operational information ‘and ser-
vice systems. Under the general direction of the SAB, thén, a répresentative
grqup of users and potential users conducted an intensive two-week study to ]
define user needs that might be met by information or services derived from .
earth-orbiting satellites. This work was done in July 1974 at Snowmass, i

‘Colorado. Subseqﬁeqtly, the SAB reviewed the work of this group, evaluated .
- ‘.

, . o \

- *Effective July 1, 1974, the National Academy of Scienpes and the National
Academy of Engineering reorganized the National Research Council into eight

assemblies and commissions. All National Academy of Engineering program units,
including the SAB, becdme the Assembly of Engineering.

iii




|
; -1ts findings, and prepared thi§ report, which presents the SAB's own conclu-
| sions’ and recommendatigns. .
L tMost of these recommendation’ relate to future applications of space infor-
mation and service systems that, in the SAB's judgment, show'promise of meeting
L needs expressed by potential users in the private or the public sector. Several
re;ommendat1ons relate to research or development programs needed to prov1de the
‘-techhological capability to meet the needs of potential users. -Others deal with
‘ .organizational- o institutional changes, (affecting both the public and the pri-

.vate sectors) needed if the socioeconomic benefits offered by the technical . - .

capabilities are .to be'‘realized. v 4 ‘
In.the course of the last decade\;}esearch and development programs related .
p) to practical uses, of space system have begen formulated primarily by serospace
technologists, guided largely by Ehe1r own perceptlons of what wouid constitute
useful informgtion and servicgs. There have been few organized efforts to per-
mit users tgmikpress their needs and thus have a vaice in the plannlng of new
space, systems -- systems that future users w1ll in some cases, haye to pay for.
) It is the SAB's hofe that this study will constitute an impbrtant step toward
- ‘" greafer user involvement. '
) For the study, user-oriented panels were formed, comprised of present or
. potential public and private users, including businessmen, state and local
‘government officials, resource managers, andother dec151on-makers “A number .
-of scientists and technologists also participated, functioning esSentially as
expert consultants. The conclusions of the study are founded on the resulting

statements of needs, as expressed by the user commmity, in light of considera-

tions of pract1cab111ty provided by space technologists. '
While the SAB hopes that the recommendations will be useful, not only to

th! aerospage and user communities, but also.to the 1eg1slat1ve and executive
branches of the feéderal government, the study was not designed to make detaile@d
assessments of all of the factors which must be considered in establishing
priorities. In some cases, for example, options gther than space systems for
accomp11sh1ng-the same obJectlves may need to be/§sséssed requirements for
institutional Or organizational support may need to be appraised; multlple uses
of systems. may need to be evaluated to achieve the most efficient and economic

: returns. In some cases, analyses of costs-and benefits will be needed. In
this connection, specific cost-bepefit studies were not conducted.as a part of
the' two-week study Recommendations,for certain such ana{yses, ﬁowever, appear
in the report, together with recommendatlons Jdesigned to provide an improved
bas1s upon which to make cost- benefit, assessments.

. 'In sum, the study was designed to provide an opportunity for knowledgeable
and exper1en§ed users, .expert in their fields, to express their needs ‘for infor-
mation or services whith might (of might not) be mét by space systems, and to
relate the present and potential capabilities of space sysfems to their needs
The study did not attempt to examine-1n detail the scientific, technical,, ’
economic bases for the needs expressed by the users.
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It was only eighteen years ago that the first artificial earth satellite -
was placed in orbit, Since then, the Unifed States has carried out a diversi-.
fied and innovative space program, encompassing many fields of science and- °~ .
technollogy, The program has- been interdisciplinary, employing successfully a
synergisti% combination of human knowledge,” a new capability for managing very-

complex undertakings, and industrial know-how..
a position of leadership im space,

" .’ The most visible part of the space program
plished the goal President Kennedy had set to 1

It has brought -this Na;ion to -,

as Project Apollo, which accom-
d men on the moon and return

them safely to earth., While Apollo provided an dmportant foéus for the Nation's .
nascent space program, its high public visibility has tended to overshadow other
accomplishments, As a reshilt, there is little public understanding of the imppr-
tant’.activities that constitute the current space program, funded at half the

" peak level of the Apollo years, During those years the unmanned space stience

. program ‘mage vital discoveries’ about the earth's environment and much was *
learned abqut the formation of the sblar system. Planetary exploration opened

. new vistas:in science. Techriology developed in the space p?bgram was applied in.
agtivities®on earth, 'in a process sometimes called "spinoff."’ In addition to °

. science 'and exploration, uSe of Space systems directly to assist man was a very.

early.péz§ of the program, The first meteorological satellite, TIROS 1, was - ]
launched in 1§30 and the first actiVe commmications satellite, TELSTAR, Yin 1962, /2]
v+ We noy take theése uses of spate systems almost for granted, and fail to realize * , .

' that the potential’ for such practical applicatiens has barely been tapped. The, /
Nation has made a vast investment.in space‘and has created a valuable resource . _
of trained and campetent engineers, scientists, managers, and skilled workmen in {

, industry, government, and the universi;ies.. However, few managers and decision-
makers in ind@try and government who could make wse of the infdrmatiog or ser-
vices which earth satellites can providechave had opportunity to understand the - _
potential or tgst the applicability of space.technology to the solutibn of their E
problems. » s . . . P

In 1972 the Space Applicatiens Board'(SAB) was formed to consider how the -
Nation's space capability might be.gyt to work oni.a much broader basis to. hedp, .
solve some of manKind's truly great and pressing problems such as the shor 1ge - ¢
of food and qhergy; the improvement of the physical environment, inventorying /°.

and mdhitorgﬁg of the“earth's land, water and mjneral resources; 1¥hitation of . |

the hazards, caused Qy natural disasters spgh as floods, drought and earthquakes: , &

To accomplish, this, members of the %AB were selpq}ed primarily, from oug§}de the PR R

. . . _5‘ . ¢ . * * . to. * ‘ﬁ‘ . J . :’ . . -"!,57
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aerospace community in the ''user" world of communications, educatioh, environ-
ment, state and lgcal government, agriculture, angd geologieal exploration..
Important cirtumstances’ prompted the‘National Aeronautics and Space
Administration (NASA) and the National Academy-of Engineering to ask the SAB to
consider a formal study of spage applications. It had bgen six years sirce an
earliey study, of the usefu) applications of earth- or1ented)sace111tes was com-
pleted by the National Academy of Scientes (NAS).* The concern at that.time’
was with obtaining considered reactions and recommendations of thhly qualified
sclentists and’ eng;neers on tht nature andrscope of the research and deve%opment
program believed necessary to-allow exploitatMon of earth-oriented satellites. |
This study provided yaluable guidante for many, space research and development
prograns which have'now demonstrdted the-real,potential ‘ofr.space systems. /w'
Important advances had since been made, in weathexr forecasting and in global
commanications through the operat1ona use of satellites ard theix associated
earth-based systems. In mid-1972, a exper1menta1 tarth ‘resources satellite was
laugched. Although designed for a opie-year lifetime, it is still functioning.

", - Designated LANDSAT-1 (formerty ERTSS1), it is eqp1pped with, scanning instruments

that measure the brightness of p¥ints of the surface of the earth in €WO
electromagnetic- wavelengths in the/visible part of the spectrum and two 'in the.

i

infrared. Data from such ,measurentents can be used to construct. images of the o

earth's surface or may be introdyced directly 1nto a computer-for conversion to
some other useful form of 1nfoﬁmat1on. ’

For two and one-half years, more than 300 1ny75t1gators, including mapy, in
other countrié3, have been experlmentlng with various practlcar uses of data

provided by LANDSA?-I The results of the experiments verify- that many uses are/

~-possible.” Other uses fieed further study, confirmation, or rep&tition under dif-e
ferent circumstances to. understand whether data collected for a_ 11m1ted sample
of ground environments apply for other similar-conditions. .

It was clear to the SAB that it was now appropriite to ask a broad Cross-
,section of users. and potential users from commercial, industrial and reg1ona1 N
organizations and from state and local governments what their needs'were that
might provide gufﬁance for the development and pract1qal application.of future
space Systems. Thus, the. SAB decided to devote. the.major portion of this new
study to understand1ng the needs of managers and other decision-makers w1th1n

_the community of’ potential users of space information and servicds. i !

The SAB considered early 1n its planning whether the study should examine
applications of space systems On an international scale.’ It was concluded that,
in this first attempt, it would be difficult ‘enough on axdgmest1c scale to

* search out user needs and, to relate them to the capab111t1es of space systems
and that'to broaden the scope £0 an international one would complicate the
problem to an ynwise degree. Thus, while the nature of the systems condidered
is such that it .is inevitable that some comments on.an international or global
scale will be found in the report the study is fecused on domé;tlc considera-
tions. - . . ¢

- 7
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*National Research Council.® Useful Applications of Earth-Orzented SateZZttes
Report of the Central Review Committee. Nat1ona1 Academy of Sciences, ,
Washington, D.C., 1969.
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Under the general direction of the SAB, a representative group of users .
and potential users conducted an intensive two-week study -to define user needs
& that might be met by information or Services derived from earth.orbiting satel- -

.= lites. . This work was done in July 1974 at Snowmass, Colorado. The Study
Director was Governor Jack.M. Campbell, President of the Federation of Rocky,
Mountain States and a member of the SAB. In the course of the study, the
participants attempted to understand what impact space-derived data might have

- on the nature, the efficiency,, and the effectiveness of user activities. .

. The study was organized around nine yse-oriented panels whosé assignments
included reviewing progress in space applications since the 1987-68 NAS study
and defining needs that might be met by date, information, or services .derived

. o, from earth-orbiting satellites. User specialists, drawn from 'federal, state
and local governments, from business and industry, 'and from the academic com-
munity; were grouped ih,the following panels: Weather and Climate; Uses of
Communications; Lapd Use Plannin 3 :Agriculture, -Forest, and Range; Inland
Water Resources; Extractable ResouYrces; Environmgntal Quality; Maring and

. Maritime Uses; and Materials Processing in Space. Abput 70 senior and experi-

. enced usery -- for example, the chairman 6f a’ state land use commission, tHKe

* Director of *the Great Lakes Basin Commission, the vice president of a large
agricultural business, the President of the.American Institute of Merchant
Shipping -- headed or participated in ‘the work of the panels. The members of

-

-

.

\ , the panels are listed in Appendix II. Persons from interested federal agen-
s Cies wereialso present at the study to provide consultation, background in-
. formation and briefings to the panels as needed. These persons (among whom

vere a number 6f space technologisté) ‘are also listed in Appendix II. .

A habitable.laboratoryk Spacelab,. to be carried into space by the Space .
Shuttle, is‘being'§evglop§d1Qy thé European Space Research Organization (ESRO) .
and will be an impgrtant element of the space program of the 1980's. Accord- )
ingty, the SAB invited ESRD-to send to the summé?\itudy several representatives
knowledgeable about Spacelab. The ESRO representatives, whose names are in- :
cluded in Appendix II, provided Wqluable technical help during the study.

. Many members of the user pane egan their deliberations with a good deal
of skepticism regarding the usefulness of, space systems in their particular
field., Furthermore,\prior to taking part in the study, many of the panél mem-
bers had iittle knowledge of the information or services that.satellites might
provide. As the study progressed and the user panelists began to, undérstand
what had been accomplished to date in the practical use of spac¢ systems and L
to asséss future possibilities, they began to perceive useful services that
" ¢ould be applied to their respective activities, whethet in the.private or the
public sector. The users were then able to describe what inforpation would be
useful to them, and to descxibe some of the potential benefits that utilizing
such_information could have.} The resultin dialog between the users and the .
. space technologists made it/possible fer the users to express their needs in v
i terms that were relevant to current capabilities or possible future capabil-
™~ ities of gpace systems. . s Co

The study also included pane{g/é; Infprmatibﬁ Services and Informa;iph .
Processing, Costs and Benefits, an Institutional Arrangements. It should be

a .

, "oted that the Costs and Benefits Panel was not asked to make detailed Cost-

benefit studies, but rather to’ indicate theé cirelmstances iffwhich such studies

{ . . would be feasible and valﬁab&eﬂkfﬁe fields in which 'they should be,focused,.
vaNT . ~ ’ .

’
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and in general, to- pwov;de recommeqdaﬁypns that might lead to & better bas{s
for making decisions concerning large ‘investments 1in new space systems. Other
panels ass1sted in assessing space transportatlon systems “and the state of -
space technology ! ~ Se
' The non-user panels employed* as,a" basis" fox the1r del1berat10ns, eeds :
expréssed by the user panels A ghbstantlal amount of 1noeract1on among the
members of these panels and the user panels "was designed ) study plan . . -
" and was found to be both.desirable and necessary ) s
As the study began, the Committee 'on RemovYe Sens1ng~Programs for Earth -
Resource Surveys (CORSPERS) of the National Research Council wds. just com-
pletlng a review of the usefulness of remotely sensed data’ for earth resource
surveys and environmental monitoring.- Dr. Arthut G. Anderson, Chiirman of
CORSPERS, partlclpated in the study at Snowmass and provided draft copies of
the CORSPERS report* for use.by the. summer study panels. >
The major part of the study was accomplished,by- the panels, The SAB
‘has asked that the repodMs submitted'by each panel at the end of the two-week
study ‘period. be published as independent supporting. documents. (For a list
¢f the panel reports;,see Appendix I.) While the SAB is Ain general accord
with the panel reports; it does not necéssar;ly endorse tHem’ in, every detail .
F0110w1ng the two-week summer study, the SAB reviewed the work of the

panels, evaluated their findings, and prepared 2?£§~;§£§:t wthh includes .

Y.
»

'significant recommendations based ph the.work of’ the 1s as well .as ,con- T -
clusions and recommendations arrived at by cons1der1ng the work of, the study
as a whole. .. .

Informgtion or services that might be ‘derived from space systems may
have application in many fields of humgh act1v1ty Therefore, this report
deals with a wide and diverse range of topics. The *Board has not attempted in .
the report to make judgments of priority among the topical fields (such as
agriculture, water, land use, the search for extractable natural resources),
but rather has-identified, to the best of its ability, two or three ofthe -
most important needs within each of these fields. “The Board does not eXpect .
that all of the appligcations ih the topical fields will be equally beneficial.  --
In ‘many cases, decisions and comparisons among them still rema1g to be made. !
‘The ‘Board ant1c1pates that in the 'normal processes of gavernment, the Congress
and the Executive Branch will make priority dec151ons ifi the ¢course.of allocatlng
funds for. these widely differing activities. » -

[

. N Y
. - p' _\ . ) . . ‘ N
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*Committee on Remote Sens1ng Programs for Earth' Resource Surveys, Natlonal . PR
Research Council. Remote Sersing for Resource and Environmentall Surveys. ,
National Academy of Sciences, 'Wq§h1ngton, D.C., 1974. . .
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.. Some of the mdst difficult f:roslqns facing humanity today are concerned
\.u‘ith assuring adequate supplies of food apd energy, while at,the same time .
improving and safegudrding the physical éhvironment and the-quality of life,
Represgntatives of the iser community present at’the study were, unanimous in  *,

Y
&
e

[ 4

" their judgment that the Nation's capabilities in space should ,130\{1 be employed - .

to assist in the solutiop of these problems, - . :
. This chapter summatizes Jeeds, indifates ac¢complishments-to date, and
appraises future possibiligies.in the ,applications of space systems that the -

(3%

various user panel$ found promising. - T .
. P Pl “' Lad v .
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C .« . WEATHER AN, cLivafe T e
« > EUEE . P RV . . o .t
.The.use of satellitfs in the obServa‘tioﬁ and fu‘eﬁiction of the earth's
., Weather represents one of the earliest of all space applications.¢ It arose out ,
* of cooperation between’ the National Aerorgutics and .Space Adiinistration. (NASA)
and the Department of Commerce@)CI'. In additidn tq research ‘and develppment.
leading up to and including launch of experimental satellites, NASA did’much «
-early experimerital work in use of the images returned by -satellites, both to _
explore techhical possibilities and to engage the interesy of potential users.
_Abasicvagreenent betwean the DOC and NASA céncerning operational meteoro-
"logical satellite syStems, .arrived at in 1964,  dealt with the transition of\
weathér satellites’ from the research ‘and development phase to the operatiohal °
phase ds well as the operational phase itseif. ‘It established,a basis upon- ~
which the National Oceanic and Atmospletic A'dmipistrz_;tion {NOAA) could reimbyrse
NASA for, providing operational spdcedraft and supporting techrblology for meteo-
rological satellite development programs: Under this agreement, the TIROS i
" series of research fatellifes was modified and made operational: L ’
. The SAB observes that.the basic agretment between DOC and NASA has resulted
in the implementation of many of the imporgart recommgndations concerning
¢ veather and climate made in the 1967-68 sufmmer study on space-applications.,
Other resedrch and devélopment actiyities recommended then have been' intorporat-
. ed into_the Global Atmospheri sedrch Program - ) now in progress. The
First GARP Global Experiment in 1978-794will provide an intensiye test, of the

applicability of the GARP systems' to specific research needs-and to prftotype
operational needs. .

-
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SR New needs are now apparent that are much broader than those expected to
"be addressed in the GARP observational experiment and can be expected to involve -~
e a2 much broader range of users than the weather forecastlng'communlty alone,
i
E
]

-

-

"\\.Karnings of Hazardous Weather i »

) ' In a 1971.report,* the Committee on Atmospheric Sciences df the National
' Academy of Sciences placed a high priority on the development of comprehensive
-t -systems for mongtorlng prevailing weather condltlons, with the information
. » o Dbeing ‘made continuously available to broad categbrles of users. Input data ~
T, sight be derived from satellites and radar observations and from a' network of
" ¢ low-cost, unmanned weather stations 1nterrogated;by computer. The combined out-
; put could be distributed to the general public and other uSers by television or
S other commumication systems,
Rredi@tion of local weather for periods of upgto two hours <45 becoming
. increasingly important to the decision-making processes of a wide variety of
J 7+ users in the: cong'ructlon agriculture, off-shore drilling and other industries.
ABditiohally, the display of local prevailing.weather is vital in alerting the: *
puollc to impending disaster. “Satellites offer a practical source of data for
the tipely display.of pfesent weather 1nfbrmat10n and a posslble vehicle for

s

. .the rapid ‘dissemination of Jwarnings. -
. The wide demand for present weather data and the hllllngneSs oT users to Y
7 “nvest’in the necessary receivers have been “demonstrated by the extensive use

IS

dr the-Automatlc Picture Transmission (APT) system, now part of the NOAA satel-
lite series, Over 1000 users purchased-or constructed specialized ground equip-
ﬂent in order %o receive APT'p1Ctures. This represents a total voluntary

expend ure of approximately $10 million. Because this information is obtalned
from 14 altitude satellites, it is available at any glvggjlocatlon afout tyice® .

, S daily. Thé‘continuous flows Qf data that planned geostatidnary saté@llite systems
- could provide, would increase manyfold the utility of present weather information,
The requirement for rapid respo essentially precludes centralized proc&ssing
such as that now. used for mugh~Other space-derived data.- Many users will need
s __ low-cost receiving. termlﬂgl of their own. An advanced géostationary satellite, !
_with high resolution imagirg and soundlng capability (for uhlch the technology '
is being déveloped), wpuld it such applications. . . -t
Accordingly, the SAB rebommends' . . .
. . . . that low-cost ground iead—out systems, suitable for use with
. ) planned geostationary weather satellites, having high resolu- -« ,
. ‘tion and _sounding capability, be déveloped to permit observa-
v ‘ * . tion of present local weather in real, time.so that users may
, * obtain imformation rapidly ab?ut hazardous weather activity. : @
‘. . - . ) N B \ ~ ’
s . — ‘ . L) :
» » N N . @ 5 S
| *Committee on Atmospheric Sciences, National Research Council.™ IThe Aimosphaic.
) .  Seiences and Man's Needs: Priorities for -the ruture National Académy of
’ " Sciences, Washington D.C. 197) -,
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Long. Range Weather and Climatg Predictions , . )

Knowledge of weather and climate is essential in assuring adequate food '
supplies. Long range predictions are now receiving much attention and their
importanoe justifies continued emphasis. Information from satellite systems,
combined with earth-based observations, will make it possible to.monitor on a
long-term basis many of the physical factors considered by climatolpgists to
be critical in establishing the mearl or.statistical state of the atmosphere for
seasons, years or decades. Many of these factors are manifested in effects,pn
the radiation balance of the land-ocean-atmospherd system. Included are the
measurenent of selar radiation, the determination of the earth's radiant enetrgy
retention capability (albedo), the measurement of outgoing Infrared emissions,
and the heat content of the mixed layer at the surface of the oceans. These

“measurements will ultimately be needed to relate the earth's energy budget to B
measurements of the state of the atmosphere such as the nature and the distribu-
tionh of cloud cover and the vertical structure of tempbrature and humidity.

The. SAB recommends:

. "that to help provide a sound basis for long-range predictions
. . of veather and climate, long-term observation be initiated of
.. ‘ important long-term climatic factors such as the earth's incom-
ing and outgoing radiations; the earth's albedo; the heat , R
contént of the mized layer in the oceans; tM™e distribution of
clodds at low, middle and high levels; and any climatically $
' significint changes in surface featurgs such .as vegetation, land

use, ad snoy and ice cover.

(It should be noted that thé United States Committee for the Global .
Atmospheric Research Program has recently made a similar recommendation.?*)
; —

- ——

Other Uses of Weather Data _ . / e . ' . .
S
As a result of discusSions with potential users at the summer study, the

SRB\Qis concluded that.much of the information gathered by satellites for
meteorological forecasters can also be used by other groups, if it i% provié%d
to such gtbups in suitable form and on a suitable time scale. Méasurement and .
prediction of soil moisture, rainfall, snow and snow mel%'and run-off would be
useful in agriculture and hydrology, for example.’ In the view of potential
users, satisfactory institutiondl arrangements do not yet exist for involving,

. in the planning of programs for obtaining weather information, potefntial users
outside the weather forecasting commmity so that.their needs ‘may be taken.

into consideration. !

-

*United States Comittee for the Global Atoospheric Research Progranm, Nationai
Research Council. Understanding Climatic Change. National Academy of Sciences,
Washington, D.C., 1975, pp. 67-68. .
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! The SAB recommends: - «

that potential user groups fror outside the weather forecasting
cowrunzty be brought into the decisiom-making process ¢f setting
objectives and priorities jor the development of new weather .

" observing tecfvnques, and for the. process ? digtribution and ’
archivi oJ mereorologzcal data, so that d& wide as possible a

user groups can-beﬂérzt from meteorological satel-

o~ new and in the Juture.

LAND USE PLANNING ‘ o
‘o, .
grow1ng real;zat1on that land is a valuable '
at ih the‘publ1c interest there should be
ich, land is used now and in the future.
land that is suitable for growing food. -
should be used for that or for ‘other pdhrposes; whether sufficient land i) being -
reserved for parks or other public uses;\where to locate power plants with due
consideratiop for the effects that the plart will have on the locality and for
the needs of the plant, such as cooling watdr and access to fuel the long-term
effects of converting wet-lards to human use. -
Land use planning involves a series.of steps, 1nc1ud1ng def1n1t1on of the
problem, acquisifion of data relevant to the problem, establishment of goals
and policies, implementation of a specific plan of action, and evalnation and
monitoring of progress through the plan toward the goals. According to land
use planners involved in the summer study, the limiting .factor in this process
at present is the tlmely acquisition of relevant data, The difficulties in
. acquiring adequate data are such that the establishment of goals and.pollqaeg

and the implementation of specific plans of action are often based on 1mperfect
B information, and evaluation and monitoripg of progress toward the goals is done
only superf1c1a11y. Specaflcally, data gathered by current means” have.l1m1ted
usefulness in the land use plannlqs p:pce;s because of 1ncomplete coverage
inappropriate scale, poor relxab111tyﬁ'br -untimeliness.

Since the 1968 study, high altitude photographic techniques have advancéd,
and data from photographic sensors carried by aircraft are now being used to
detect current land use patterris and ¢o recognize changes in msage. High .
altigude photography has been employed by some regional planning ageqcies and
county governments, but the use of aircraft to collect data for complete land
resource surveys of whole states seems impractical for all but a few states
because’ of the enormous amount of data that must be collected and analyzed and
because repetitive surveys of large areas by aircraft are expensive. . -

An earth observation satellite is expensive too, but once launched it"can
pass regularly ‘over most or all of the.surface of the earth, observing the
terrain under the same &1ght1ng condltlons each time, for perlods of years.

Tata Trom the LANDSAT series have been available to practlcal users for only

two years, dnd there s not y%t been accumulated enough experience in thg use
of the data to permit persuasive comparisons of costs or to permit conclusions
about how spacecraft, and aircraft can complement each, other in the collectlon

R of land use (or othei earth resource) data. K . .
A

Recent years have brought
resource, finite in amount,. and
better planning ‘of the manner in
Some examples of concern are: wheth

~
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Experiments have showh that the sensors carried on LANDSATS-1 and -2 are’
adequate to provide data for preparing useful land use maps on a national,’
regiondl and.state scale, and for determining where more detailed observations
(from aircraft or the ground) are needed. LANDSAT (ERTS) data, both images and
., . computer tapes, are being ahalyzed to provide iand use information for gertain
§A states and large remote areas, S . : C

’ The potential for improving recognition of land use patterns by using the -

Tepetitive coverage given by LANDSAT has onlyggkgun to be investigated, LANDSAT
images have been assembled into mosaics of the states of Florida, Wyoming,
Michigan and New York, and the Washington, D.C. metyopolitan area. The mosaics
are béing employed to introduce potential users to the information that can be
extracted from LANDSAT data. LAND3AT data are beginning to be used by the
U.S. Geological Survey (USGS) in cooperative programs,with states. . .-

~ According to land use planners, the one-e 6Iution available from .
MR LR§§§AT-type sénsors is generally suit or the majprity of land planning
usés, However, Yor about one pe of the U.S. land (principally in several

“hundred urban areas), the plamfiers express a need to detect pgriodically areas

set aside for parking, t serve traffic corridors, and to pecognize cujtural

features having g size6f 10 n? £q,1oo m® (this requires a resolution of.3 m to

10 m). While inforpdtion of this kind could be collected piecemesl by cities

using aircraft, ir’could also be collected for-all cities from a single satellite - _
if, the ability S@lectively to focus on a small area were yrovided in.the satel-
lite sensors.

The Boazd believes that the ability to "zqgm" is technically feasible %nd
can be proylded at a low additional cost on sat2llites that will be collecting
earth obsgrvation data+for other uses, ’ t .

. THe/Board recommends: .
that to' megt the needs expresseqy by land ufe plamers, the
ability to observe selectel regioms with & resolution of the ) v
, order of 3 meters to 10 meteré be ineluded in the-planving of
/ future/ earth qbdervation systems. !
/ “ L) .
. To, permit more rapid and Aconomical processing of remote sensor data for
land use planning (and for most other uses, including agriculture and water
" resource planning), a key piece of technology is needed. s Human photointerpreta- . *
tion of images is an expensive and highly specialized procedugye. The process of
extracting infordation from earth\observations needs to be autopated, The Board
coneludes that there is a need for the development of automated interpretation
‘techniques and .sirple inexpengive equipment to permit more rapid and economical
processing of remotely sensed”data and hopes that the private sector will peb-
céive this need and respond to it. ’
Automated extraction of information alse requires' that certain‘corrections ..
be made to the .data transmitted by the satellite, to compensate for 'such factors
‘as instrument ¢alibration and the spherieity of the earth. . .
The Board accordingly recozmends: '
that geometrically- and radianeiricalZy-co}rec?ed digital .
tapes of earth resources eatelliie data be prepared-as a
‘ mattersof routine aid made . readi ly available to ugers.

A
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Land use planners involved;in the stud) have expressed a need for emphasis
on remote sensing research and development focused on the following three key
areas:. .

-

monitoring changes-in land use pafterns; . .. . .
- periodically surveying power plant sites, mining sites, coastal

’ zones, Wildlife habitats, geologic hazards, oil p1pe11nes, and ’ s
other areas where the use ‘of the land may affect the environ-

ment; and* - .

'determ1n1ng the capability off&and to support proposed new uses

‘without V1olat1ng env1roapental, econom1c,9r esthetic standards, "
It‘may be exﬁ%ctéd that by the early 1980's, oﬁerat1ona1 satellites w111 be
supplying earth observation data ‘for agriculture, hydrology, marine activities
and other fields. It should bg possible te meet the needs of land use planners
for monitoring land use changes, inventonylng critical environmental areas, and
assessing land capabiiities if steps are taken now to -assure that those needs
are. taken into consideration in the de51gn of the satellites,

The Board recommends . , - .

‘e, " -

6

- ' that the needs expressed,by land use plannars to dgtect changes .
<in land use, ﬁake detatled,verzodtc surveys of areas where the
use pf the Zand may cmtwally affect the enviromment, -and °

. determine the capab*lzty of land to support proposed new uses to S
taken into account in the design of future earth observation. ' *
satellztes. T ‘ S S )

: N

Nataonal Iand, use plann1ng legislation inptroduced ;; the 93rd Congress, if
it had been enacted into law, would have encouraged all states tq establish land
use planning programs.* Most of the proposed laws would place upon the states
the burden 'of preparing.inventories of how land is currently being used, In
add1t1on, implementation of the laws would require analyses of uses to which
land is suited, continued-monitoring of larid use, and coordination of land-use-
associated activities' on a state, regional and local basis. :Land use planners
involved in the study estimated that it would cost the states, regioma! authori-
ties and cities approximately $250 million per year over the next decade if con-
ventional means were used for collecting land use” information. The SAB believes
that remote sensing systems could supply nmuch of the necessary information in
moré timely fashion and at significamtly lower cost, and that future federal
land use legislation should recognize that‘possibility.

Accordingly, the SAB recogpends:

that any new federal land ‘use legielatiom {(and state legisla-
: tion, if it is affected by féderal‘?tandbrds) take into

»
. fe

* U.S. Senate S. 268 and U.§. House of'RepresentatiVes HR. 10294, 1973. ,
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deratiod the possibilities of acquiring data by the use
remote sensing from aircraft and space.

*‘AGRICULTURE, FOREST, AND RANGE .

The resulqé of analyses of LANDSAT-1 data by about 300 experimenter3 .
point to many uses in the inventorying and monitoring of major crops, forests
and rangelands, not only on a local basis but on a regional and even a world-

‘Nc wiée basis, Some of these uses have been verified; others need confirmation. .
T =%+ . or repetition under alternative circumstances to assure that data collected R
for a limited sample of ground environments applies in other* similar circum- e 1
stances. Some of the experiments have been clearly successful, These include: *
i e © identification of crops and of broad types of forest and range-
: - land vegetation; e
. " identification of broad soil and dand use patterns in agricul-' - .
tural areas; ', :

experimental detect}on, on a limited' scale, of severe crop and
. forest damage  due to stress (ip}ects, disease, drought, flood -
. and-.fire); ! . 7 oo )

( estimation for small test plots of'wheat acreage, yield, and_ . ’
. ) production. by use of satellite data in conjunction with a yield
., s . model incorporating meteorological data; ° s . 2

¢

> . "monftoring progress of crop harvests in small trial areas;
*, » . - : < * M \

A . .." 3 . 3 -
identification gf'Vegetative<biomassl1n rangelandsgiperm1tt1ng‘ .
evaluation of range conditions; ' . e NEN °

) * .

. . oL *
determination of 1;r1g§ted acreages; ‘and . :

~ monitoring.irrigdtian reservoirs and livestock water impound- ' :
, ments. . :
Originally, few d?gthe investigators had the equipment necessary to use
computers in their analysis of the digital.tapes containing LANDSAT-1-data., .
Many of the above experiments were performed by visual interpretation of the )
: Teconstituted images. As experience was gained with data processing, computer-
assisted statistical analysis of the digital tapes containing multispectral
scanner data emerged as. the preferred method ‘for extracting maximum quantitive )
information. Computer-assisted digital analysis has also permitted comparison 4
of the data from each picture element (representing about one acre on the
ground). regrded in successive passes of the same satellite over the same area,
This allows recognition of changes with time, which in many cases is essential
to the identification or monitoring process., Other users will be utilizing
data from passes of different satellites qyer the same area., For the latter '

)




"5 to 5 days after the satellite acquires the data.

\ L .

users, radiometric and geometric correction of the data is required so .that .
temporal overlays can be made, picture element by picture elemént. Users state
that presently availuble’equipment for this purpose is .specialized and costly.
The Board concluded earlier in this report that inexpensi?e equipment is needed .
and expressed the hope that the prlvate sector will percelve this need and .
respond to it. o |

According to agr1cu1tura1 users involved in the study, sode, of tpe 1nfor- . .
mation needed in agricultural management must be provided to the user within’
As a matter of facg, the
ultimate objective of data acquisition or generation is its comstructive utili-
zation in the attainment of socially beneficial and economically productive
ends, and many users heed.data more rapidly than the present metns for dissemi- |, |
nating data cdn supply it. -The Department of the Interior's Earth Resources
Observation System (EROS) Data Center was intended to be an experimental off-
line system. The SAB believes e Center has been very successful in ach1e¥1ng .
the' goals established, for it. Egtavefj ‘the whole process: of extraetlng infor-
mation, converting it to the form in "which it is needed by the user, and get-

, s
\l\
L]

-ting it into the user's hands now. needs,to be speeded up 51gn1f1cant1y.

* An Agrihuiturgl Experiment

reconmends . . . y

-
- . . b

The Board

trat the successful exper:nenvab of}—lzne processing ggsuem .
as e ep“r:ren: 7 the Intepior’s Earth Resources s
“rservation Suystem. (ERCS) Data Cenzer and ¥he procedures for .
. yransn::tzna information to the users be modified so that -
’ *n ; omatwn reavhes uéers, in :the format they need, within,
to & days. It is further recommended that this cavcwzh,ty
be ueaeloped <n time to permit its use with LANDSAT-2" so tha»
*re—oueratzona7 e:verzrenus can be cdnducted.

)

The resuléy of LANDSAT-1 pxperiments suggest that miltispectral data can

be upplemental weather -and ground observation data, to prepare a
crop \inv Since the sumper study meeting, a wheat- inventory 2xperiment,
the Large Area €rop Inventory Experiment [LACIE), has been agr uppn by the €

U.S. Department of Agriculture
try to inventory a significant
data and certain USDA ground og
tion. Results of this experime
experience to6 guide the plannin
tional remote sensing systenms.
for estimating costs and benefi

Accordlngly, the Board rec

(USDA), NASA, and NOAA, an Tk has begun to
fraction of the world wheat, crop using LANDSAT-2
servations, together with NOAA weather 1nform'—
nt should provide valuable information, and

¢, design, .and implementation of future opera-
Properly planned, it can also provide the basis
Ls of an Opeﬁgtionalnsystem. .

brmends ¢ .

that in view of tne u#genp need for better informatior'on the
world Joou supply, th
(LACIE) be expedited,
ut :;iaea Jor ploming
SySvm,

tionac and

e Large Area (rop Inventory axperzment .
and that the resulting experience be
, design and Lrplementatzan aof a1 opera-

!
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which would serve as part of the basis for deciding whether to
proceed with an operational syshem. . P
. ) ~ ) Iy
The advisability of -measuring parameters related to costs and benefits §

lies to other experiments as well, and the Board makes a genetral recommenda-

on on the Sub§§ct,in a later sectiorn of this report dealing with benefits and
osts., T ’ . "

a ,.‘ . Y
. .

® = . LS '

, ok
Cortinuity of Usexffixperiments '
As a result of discussions with various groups over a period of time, the
SAB has cencluded that state agencies,  federal and regional agencies; and private
enterprises having interests in land, food, agd fiber resources have been reluc-.
tapt to invest in serious experiments in the*use of data from satellites because
up to this time there has_been no guarantee’ of cortinuity of data flow or of
. tontinuity in the format of*data products. - . P .
"+ - This conclusion’ was reforifirmed in discussions at the summer stidy. The "

present LANDSAT-1, having functioned well beyond its design lifetime, is now :
backed yp by LANDSAT-2, launched in early 1975, Just redently, NASA has been
+ authorized by the President to include in the budget for fistal year 1976, - funds
necessary-to begin work on a“third earth resources technology éatellite,
LANDSAT-3,. If funds for LANDSAT-3 are provided by the Congress .and the project-
'proceeds, an important step will have been taken toward assuring potential users
that- they may expect a continuing flow of data. : '

.

that, to assyre continuity of data and to dssure progress
tovard an eventual eperational system, LANDSAT-3 be reveloped. -
and that plans proceed to launch it as a follow-on to LANPBAT-2. -

(It should be noted that the NRC's Committee on Remote Sensing Programs for
Earth Resource Surveys reached a similar conclusion in mid-1974.*)

©

-

Y

. . . INLAND WATER RESOURCES
4 : - .
"' Water quality and water use data are collected throughout the Nation by
many agencies for use in water resource management. and *)erational programs.,
The amount of detail needed varies over a wide range, For reconnaissance K
studies, general characteristics are adequate. On the.other hand, a detailed
water ‘quality monitorin& program requires.an accuracy that can be aptained
only with in situ sampling and laboratorysanalysis. It should be noted that

S

*Remote Sensing for Resource and Environiental Surveys, 1974, pp. 22-23,

4
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that .the oderall LACIE plan provide explicitly-for obgerva- M
tion o, those parameters needed for cost and benefit estimates iy

The Board«recommends : . ’ P
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all contribute to better reservoir operation, ° -

'Developmeni of In Situ Sensors .

: - . LA 3 rd . ool
N . . '. tao¥
" . v ’ S, Z/a;"\- .
. . . . . '-'-,o - “&" -
too much detail, where not needed, can caise as much difficulty as insufficient
acturacy, wheré accuracy is important,, . ¢ ' . )
» . . . . ,_,,

| ¢ . .

Water Resougce Management> , . . - .
) - -l . .

According to water resource managers involved in the study, satellites
‘cap hélp in’ two different ways to provide data needed for management of water
Tresources: (1) through regl-time sensing from space, and (2) by collecting‘
‘data transmitted to the satellites from instruments, emplacéd on Wat&xoT on i
land (Zn gitu sensors), and relaying the data to-central collection points on -
the ground, Rapid assessment of the danger and dissemination of warnins “‘
for 'floods and other storm hazards are needed.: Real-time information on) rate -
of precipitation, snow cover, water content and rate of melt, and soil moisture
are essential to operate flood control systems and to provide hazard warning,

" Reservoir operators,require forecasts of storm'and seasonal runoff to

control storage spacesfor agricultural use, flood *control, generation’q4f hydro-
electric power, and conservation of water supplies.” long range (three months),

medium range (one week), and short range (two- days) forecasts of runoff would

.
.

Real-time information is also needed for water pollution monitoging‘and "
control. Knowledge of water qualitfy parameters is essential to implement many
water-quality and pollution-centrol programs. ‘ : 3

L . .
' . L . .

.

. .‘
. . L I

. Several -satellites already in orbit, including LANDSAT-1 and -2 and the
Synchronous Meteorological.Satellite (SMS), have data collection capability,
The SMS alone is capable of interrogating some 10,000 platforms. However,” -,
according to water resource managers, ground sensing stations for collecting .
water data are at a relatively early state of development, and only a small
part of the satellite data coldection capability that exists today is being °
utiMzed, More rugged equipment, which can survive severe weather, efforts at

vandaiism, and environmental contamination for periods of at least six months

'to one year, must be developed, This is almost entirely an engineering problem

and should be solvable, but present equipment cannot meet these needs., It fust .

be noted that it is primarily agencies of federal, state, or local governmeént
that pay the costs of data collectipn, and that these users of inm gitu instrid- .,
ments are not perceived as an attractive and aggregated market by those who' -
might manufacture better instruments. : : N
" If adequate in situ sensing stations were available, gatellites equipped
with data collection systems could provide data on many of the heeded parametexrs.,
These would inciude measurements of ice and .snow water content, subsurface,.
water, the dynamics of surfale water flux, and most of thé water quality and
environmental parameters. At present, laboratory techniques are available for
sampling and monitoring and in most cases the techniques are standardized.”
Present tn situ sensors, however, cannot duplicate the laboratory analysis
required for the detection of many water quality parameters.and require in-
place equipment that impedes navigation or other water use. _ v
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<° e ! .Conventional ground communications b?tradip are inhil
- first, radio spectra are extremely crowded at low frequenfies; Second, higher .
frefuencies are limited to line-pf-sight communication.ar thus dre not practi- °
< ~cal',in remote areas and in rugged ‘terrain. - Many practitfondrs who .collect data . \
ST from. in, situ senSors row do so by radio from high flyingiaifcraft. Their choice..
\ .of this ‘mod¢ takes intd consideration the cost of this ngans .compared to cons:
ventional gréund communications. . 1 ) N C ey, A f’
«, .To take advantage of,thecapabilities of space of airborne data collection
. " systems will requi e,{he development of accurate autg aﬁed;ground stations . -
* .« which can 0peraté?§er long periods of time without r¥¢qhiring maintenance or ]
2 ., repair; Their informatio Qutput couid be relayed ‘satefllite or aircraft .
without the need for human intervention, thus permifting cpverage of many more .
" ... locatioms -- séme of which may be remote and diffifult to serve -- than could C
Tt be afforded if the stations had to be tended by pdfmanent jmonitoring personnel, ' .
. The Board r?commegds: o ' : K
- v - V- L4 . \ . . r~- a '
; - that hASA, thesfnvironmental, Protectiof Agency; ldnd the
‘ " Department of the Interior collaboraté] to-assurb that a vigor-
. ous devélopment program.is undertaken |tq provide vandal- and T,
environment-proof water-parameter mounitaring ground stationg .
* suitable for use with ‘satellite gnd atreraf¢ data eollectign
systems. ] . . L f
. \ , — T, i ” * ., e ‘}" .

. Y ]

fitdd by two factors.
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Development of Remote Sensors . s .
‘Y Measurement of some importan water resource parameters from space is dif-" .
ficult, and it is doubtful that complete independence from ground gtations can
e -ever be achieved. However, some parameters can be sensed directly;, and.others -
- . -ean be inferred. For example, the depth of grouhdwater reservoirs below
the surface can be estimated by observing the kinds of yegetation growing on
the .surface. Some deep rooted plants feed on the water table, -and these might,
be observed from space. The large area coverage offefed by measurements from .
’ space has been shown to be valuable in othersdiscipliries, and satellite~borne '
. sersors should prove more cost-effective than ground stations where their use

is techpically feasible for water resource management, ) N ‘
The Board recommends: b . PO ‘ﬂ
N that federal research and development programe for &paceborne
sensors of water resource parameters be given greater emphasis.
* . Hork should be directed at developimg the capability to measure
| " directly from space the area and,.indirectly, the depth of

growndvaters. . »
. SN ' - . .
s . . . R N 2
P EXTRACTABLE RESOURCES :
Important minerals are rare and difficult tgffiné.; Thelé&tractive indus-
‘ tries use) every available technique to aid in their seaiches‘i While the com-
t. panies involved are reluctant to divulge how and to what extent they fi&ﬁ\ X
* N . M L}
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- , ~ LANDSAT data useful, approximately. half of “the sales of information products
" (images and tapes) provided by LANDSAT-1 have been to the eytractive jndustries,
This is particulaerly nopeworthy in view of the fact that thede users are only
beginning to leagn how to use LANDSAT data to their full potentidl. )
Improved weather information provided by -the Weather Service from the'NOAA
operational weather satellite system is of great value to the extractive indus- .
‘y tries, Field camps, mines and drill sites are frequently located igp,remote and ,
primitive environments, where local weather data are scant, Short’term weather .
forecasts are crucial to the safety ynd success of the operations involved
in exploragion jand extrat®ion. The industry expects the importance of improved
. weather information to increase, especially.as off-shore mining and oil drill-
< - . ing activitiegrmove farther from shore and to deeper water. The extractive ° ,
* _ industries, then, have a strong interest in the results of ongoing ;gsééfch
programs “for improving wedther observation-from space*and for achieving better
K shert range and"long range weather fgrecasts, as recommended earlier in this
report. . . . ,
A Navy navigational satellite, TRANSIT, has been used by the extractive /*~
VoA

industri§s for navigation and position location. With it, exploration crews
working in remote and poorly mapped areas have been dble to determine~their
positions withif about one quarter of a mi%e. Marine seismic crews hive used
satellite navigation, using inertial gyidance or bottom-reference sonar to .
- . interpolate between satellite fixes, Some companies have.déveloped their own
portable ground stations to permit them to use satellites to locate base camps

-

or other fixed installations, ° . ' ¢ -
Exploratory geologists involved in tHe-study pointed out that exploration
crews need to focate field sites (especially in remote areas lacking surveyed . ' .

benchmarks) to an acturacy that will permit) them to establish property bound-
aries and emplace claim stakes. In’the judgment of the é&bloratory geologists
at the study, a position-determination capability of + 30_nm (100 ft) is
required. : N T ' .

The Departmeﬁz\Bf\Defense (DOD) is now taking the first steps toward
establishing a global space-based position-determination system which it appears
will have an accuracy better than + 30 m, If this system (known as the Global
Positioning ‘System or NAVSTAR) is eventually placed into operation by the _
. Department of Defense, and if it is made usefully available to.the civil sector,
’ it would offer-.a great improvement in coverage and accuracy over existing sys- ’
tems. Hoyever, to assure that such a system satisfactorily meets both U.S. .
military and civil needs may require the developmemt of new and sophisticated
transmission equipment and computation techniqua$. Although it is the present
intention of DOD to make the system available tq civilian users, deliberate
and visible policy decisions will have to be made by the Executive Branch at a
reasonably early date if the aerospace and eﬁ%ctronics industries are to have
a useful appreciation of those opeyational and other factors that they must
have to consider whether they should invest in the development and marketing of -
low-cost terminals for non-military use. )

The Board recommends:

-4

~

s

that the Qffice of Telecommunications Policy, the Department s
of Defensey and, others as appropriate seek an early formad . .
Executive Branch policy dggision coneerning eivil uge of the °

o
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' Global Posztzontng Sysiam, and establzeh those fbrmal adhzn—
& tstrative mechanismé required to assure that the dqpelopment
* of the system takes. intq consideration, to the extent posszble,
the needsg of eivil users. ' v
N - . . >
-k
The extractive 1ndustr1es are potent1a11y 1mportan‘ users$. of cperétional
satellite, communication systems. Voice communication, worldwide, is a conti
‘= ing need for these’ users. Data transmission B# satellite will open up new
poss1b111t1es for crews operating far from central laboratoti%s. Geophy51ca1
créws, working on land: or "abeard ships, collect veéry large Qquantities of data
, and fleed to commun1cate these data, at a rate ‘as h1gh as ten million-bits per
second, to central computers, While this bit rate is within the ¢ ab111ty of
present satellite communications systems, very large (arf% expens1v ground -
" terminals are necessary to.use existing satellites., A system which ¢an be used

termlnals are negeded. X ’ .
y The SAB»refommendS' \ .7 . -‘ U S

. -—

. _ , that performance Pequirgments: fbr a commuﬁzcatz system be

, ) ments can pe takem into consideration by the‘prz e gector in = .
! ' the deszgn of futdie ‘sqtellite communzcatzon systems. .

LANDSAT images completely free of clouds are now avallable for every part ,
ofs the United States., The data have been used extens1ve1y to detect 11neaments
and other geological signatures associated with mineral dccurrences. For ,
example, a 1arge scale mosaic covering severa} states, including Utah and
‘Colorado, has revealed some previously unrecogn1zed details of an east=west
fault associated with the Colorado mineral belt. Known mineral locations corre-
. spond with those deduced from LANDSAT- 1 data, 1nd1cat1ng the ppss1b111£y that
recogn1tron of other lineaments may reveal o axeas warranting exploration.
It is known that there have been important cesses 1n locat1ng'new mineral .
"deposits with the help of QANDSAT data, . ’
' With all of the successesand the knowledge ga1ned frpm LANDSAT it is .
@ 'still an earl]y experimental system. Improvements and advances in temporal and
spectral coverage are eeded. Thermal measurements are needed. ,A thermal
» infrared sensor is unﬁgr development for LANDSAT-3, The Board believes that
' - this sensor will help importantly in identifying earth surface features.,*
Some regions of the earth where there may be depos1ts of oil, gas or
minerals are covered by clouds most o® the time. Extensiorfof spectral cOVerage
to the Qicrpwave region would permit observat1ons,even wlth cloud cover.
The recommends : ' . R

" s

v

-4

o - that thevvzgorous reeearqz and development program ‘in new
:> © . remote senszng techniques be continued by NASA, that the

) .
*The Commlttee on Remote Sensing Programs for Earth Resource Surveys reached the
" same, conclusion (see Remote Senszng for Resource and Envirovmental Surveys, .

1974, pp. 2%/24) ° o,
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. wlth small, low-cost earth tdrminals for f1e1d use’and the associated small SN

, specified by the extractive industries, so that th e require- .
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thermal infrared sensor be added to the mui;ispectral scen-

) ner on LANDSAT-3, and that, fo permit observation through . -
clouds, emphasis Be given to the deveZopment of mzcrowave .+
~ sensors. .

- . N _—
. . The 1dent1f1cat10n of new Tegions I{kely 0 havé minerals or oil and gas
deposits .is based on the accumulated wisdom of*generations of previous 1nvest1-
gators whose work has developed extensive knowledge of the earth and has led

. to- development of theorigs of_zﬁrg1n of mineral deposits. In the’ opinion
offztﬁTBgésts involved in the study) the synoptic vi®w of the.earth's surface
.obtained fron' remote ,sensiiig devices ‘on satellites. and on aircraft can make

. .valuable centributions te this knowledge and theory.

It has beeh asserted uﬂ“t the extractive ihdustries are. one-tlme users of
. rémote sensing datal that 15, one view of a p icular regiop of the earth is

[}

.'* claimed to be ‘sufficient’ to asslst in the djscovery of minerals, This is not <

correct. The. image of a region is highly influenced by seasonal’ changes in
vegetation, snow cover, mois tur® content, lightipg and solar heatlng. Impor-
vtant subsurface features may be deduced from dif %erences in the appéarance of .

the surface that accompany such seasohal changes. Some work is under way .

using experimefits on LANDSAT to undérstand thlS process, and addrtio 1 work

is needed®, : e e v s

i’ " The Board recommends" ) T o S o
.. that NASA, vin copsultatzon with the extractzve zndustrtes, oA
vzgorously pursue experimental use of LANDSAT to determine
the. éffects of seasonal change on zmages of the earth and to
‘ assess thezr\usefulness fbr asszstzng in the dzscgyery of
manerals, ozZ and gag. AL
) . !
It is unllkely that any 51nglessensﬁﬁ?can locate {;dlvidual mlneral .
" deposits directly.. However, geologists involved.in the study expressed the
, Vview that better definitien of the reidtive motion of _tectonic plate$ (esti-

, mated .at 1 cm to 10 cm per yeaF)” can’ contribute to understandlng of ‘the metal-.
logenic process and may disclose new reglons that merit detailed exploration'.*
‘Platé motions ‘are. irregular. Mqasurbments may be needed annually’ for a decade
or, in localities of speciak interest, as frequently as hourly for periods of .
weeks. Stat15t1ca1 data reduction” processes will need 'to be used. To define |
relative motions, a system should be capabile of‘prov1d1ng individual #easure- .
ments of the dlsplﬁcement of the earth's'major tectonic plates to an accuracy
of + 3 cm. Several experiments now under way haye given prellmrnary .dndications
that the requred displacement accuracy may be attainable. One experrment in-
volves laser ranging to satellites from points, widely separated, on each of
" two adjacent tectonic plates. The range data can be processed to yield the
reldtive displacement of the points. . Another, experlment uses very. long.base-
‘line 1nterferome;;1€ tracking of radlo stars. Here again, the- data can\Be
processed to determine the relative dlsplacement of the tracklng sites, located .

" * on each of two adjacent .tectonic es.
* It should be noted that the E%ne observations are heeded by gedphysicists
to gain more understanding of the mechanisms of earthquakes and possibly to °

v

-

help produce a future earthquake warning system. . . R *
. , . ‘ % . » - .
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The SAB recommends: '

that to improve understanding of the process by which minerals
are deposited near the earth's surface, emphasis be placed on

" research and development programs related to earth physics,
indluding the development of syetems that~can measure the rela- *
tive displacemenit of tectomic Plates to within + 3 centimeters.

»
’

ENVIRONMENTAL QUALITY

The earth is now recognized essentially as a large spacecraft whose self-
contained envi;ﬁﬁment must be gaintained by wise management of its food, fiber,
water, air; mineral and other4§§tural resaurces, Real-time khowyledge of man's
interaction with his environment.is essential. There is major concern that the
environment is being adversely affected by.man in the course of extracting
coal, natural gas and-petroleum from the earth, converting these non-renewable
resources to energy, and using the energy. In addition, the growth of the
earth's population, the tremendous increase in industrial activity, and the -
concentration of people in cities and expanding metropglitan areas have brought
major problems in maintaining the quality of the physical atmosphere and an
adequdte supply and ‘quality of water. .o .

" It may be expected that the per capita consumption of energy in the indus-
trialized 'nations will contirue to increase, The aspiratiens for comparable
standards ‘of living -- and hence energy demands -- of the less developed mations*
will bring even greater efforts in the future to extract the remainder ‘o#- the
earth”s dwindling supply of non-renewable fuels! Environmental concerns in-
clude protecting the land and sea areas from which fuels are extracted, protec-
ting the land, air and water ‘resources involved in the processing of fuels, and
minimizing the adverse consequences of man's activities associated with the use

" of emergy. . . . ) .

Laws fecently enacted at the federal and state levels, -together with
action programs.at the fedsral, state-and local government levels and by indus-
tries, are moving “the Nation at an accelerated rate td a cleaner physical
environment, An implementation schedule has been established that calls for
most 6f the goals to be met within 10 years:* It has been estimated by envi-
ronmental specialists involved in the study that in excess of $100 bjllion will
'be spent during the next decade for pollution control.” v -

In the course of the study; a review of the needs of'major users of envi-
ronmental quality data and of recent progress in environmental quality programs
identified specific areas where current and evolving space technology could

" contribute to achieving.national environmental goals. 1In recpgnition of the .
need for environmental quality monitoring, the Environmenta] Protection Agefjcy
(EPA) and NASA have. been conducting cooperative programs to ply space tech-
nologz\to meet certain user needs in the environmental area. Substantial

S~

-

*Clean Air Act of 1970 (PL 91-604) and Federal Water Pollution Control A%:
. Amendments of 1972 (PL 97-500).
. L]
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progress s been made in developing sensors and systems for air quality moni-
toring in the stratosphere, Ir contrast, however, progress in developing*
. sensors and systems for ‘monitoring-the lower atmosphere and monitoring water
quality is lagging., There is an immediate need to use state-of-the-art technol- N
* ogy and to place in operation 1mproved and expanded air and water quallt) moni-
toring programs to meet regulatory- requirements,
. The need for and the qpportunity for the application of more coag-effectlve :
. solutions to polluticn control problems are greatest today and in the near \
future, although there will always be a need for improved solutions. In the
, -opinion of the SAB, for space téchnology to have a significant impact on the
npollutlon control program, the timetable of the effort related to environmental
qyalisy -monitoring must be greatly accelerated, The space applications program,
as currentdy planned, is not moving ahead rapidly enough to have a major impact
on this monitoring program,
Accordingly, the Board recomméhds:

that immediate steps be taken to make full use of currently .
available-space techniques and systems in monitoring the

. environment, using both in éitu and -remote sensing instruments.

' It is further recormmended that those elements of the space
avplzcapions'program which show promise of helping to fquiZZ

regulatory requirements related to-the enviromment be substan- “
tially accelerated. .

The troposphere is the lowest major Iayer of the atmosphere, and extends
from the earth's surface to a height of about 12 km. It is in this!lower layer.
of the atmosphere that most of the important processes affecting gtmospheric

. pollution, a$ well as weather, occur., Most of the first-oxder effects of air-
borne pollutants experienced by man, plants, and animals are hjghly dependent
upon the dispersion and diluticn capacity of the troposphere, A temperature -
inversion layer just dbove the troposphere acts to some extent as a cap or 1id .

on the mixing layer. The most immedidte air quality problems involve sensin ' .
and controlling the pollutants in the layer of the troposphere nearest the
earth,

. -

Accor@%ngly, the SAB recommends:

that a vzgorous program be mownted, using sensors ¢n the
earth's surface, in aireraft and in spacecraft, for monitoring
‘the troposphere to assess on both regzonal and glpbal scales
the tmpact of air pollution and of air qualzty eontrol.
Specific needs include the development of gapabilities for all- ©
weather, day and night measurements, and sensors to measure the
vertical distribution of pollutants from the ground up.

¢

' The stratosphere is the region of the atmosphere from about 12 km to 50 km -
above the surface of ‘the earth., The stratospherlc ozone layer filters out
. ultraviolet radiation from the sun that is harmful to most forms of earth life.
There are growing concerns about the potential for effecting significant changes
in the worldwide climatic conditions through the introduction qf both trdce
gases and particulatés into this protective barrier of the planet. Several

[ (2 . R - o
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basic properties of the stratosphere iake it sensitive to the injection of
trace gases and particulates of both man-made and natural origin. The photo-
,chemidhl'processes that determine the ozone content are not well understaod,
It is conceivable that the introduction of new materials or the increase in
quantity of chemical forms leading to new equilibrum values could significantly
alter the protective ozone barrier.
- : Pollutants can be injected into the stratosphere by exchange of air _
*  between the'stratosphere and the troposphere. The effects of this natural ’ «
. phenoménon conceivably may be modified as the pollutant load at the boundary
. _ between the tropospherz and the stratosphére increases or changes in character. y e
~  Man has already introduced materials into the stratosphere as the result of .
weapons testing and flights of aircraft at high altitudes. Residence times of
these materials in the stratosphere and fallout patterns attest that exchanges
do occur between the stratosphere and the troposphere. : )
‘The SAB recommends: .S R ’
that ermphasis be given to plans.for monitoring the environ- .
rmental quality of the stratosphere on a global scale. The v
irg: reed.is to make baseline measurements of stratospheric ) .
. species, both gases and ddwgsols, with emphasis on the species ..
) involved in ozone chemistiry. Follow-up measurements sShould be )
. directed at determining the impact of man-made pollutants on -
) significant stratospherie natural:processes.

(1t should be noted that similar. reconmendations have been made by groups
concerned with the effects of aircraft flight at high altitudes.*) '
/ . A

LRy

) "
L 4 < .
. MARINE AND MARITIME USES
The areas of possible application of space systems to marine and maritime
.uses include better understanding, control and use of the oceans' biological
and phy3ical processes and the provision of technological aids that will '
improve the efficjency and enhance the safety of maritime dperations. Accord-
ing to representatives of the maritime cormunity involved in ti# study, three.
general areas should receive major attention: fonitoring of thé marine ‘environ-
ment, communications,‘and position determination.

. [} ‘ .

a

S _
‘*A. J. Grobecker, S. C. Coroniti and R. H. Cannon,.Jr. The Effects of
Stratospheri® Pollution by Aircraft: feport of Pindings. Climatic Impact
.- Assessment Program, Department of Transportation, Washington, D.C., 1974,
p. 114, . : '
Climatic Impact Committee, National Research Council. Envirowmental
_« Impact of Stratospheric Flight. National Academy of Sciences, Washington, D.C.,
. 1975, p. 34. . ’ R . .
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.tribution tow fulfilling these needs by supplying data on which forecasts
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Monitoring of the Marine Environment

The increase in human activity on and near the oceans and the increasing
dependence on the seas as- 3§ source of protein has led to an increased need to
monitor and forecast the behavior of this part of our natural environment and
to manage human gctivities conducted upon it, It was the conclusion of mari-
time users. involved in the study that satellites could make an important con-

angt management depend. .

User needs for satellite data related te marine activities have been well -
expressed by previous studies of the Nationai Academy of Sciences, the National
Academy of Engineering, NOAA, the U.S. Coast Guard, and’thes SEASAT dser Working
Group. The ability to meet these needs, héwever, is still in the future. Many
of the instruments capable of making the desired measurements are still being .
devéloped. The first ocean monitoring satellite, SEASAT-A; \s planned for
1978, and an ocean color sensor is planned for NIMBUS-G in that same time
period. _ * _ o

The Fﬁ?&-immediate and pressing goals expressed by the marine community
include: ', ! . '

better fore&%sts of wind, waves, icce and storm Razards, both
at sea and along coasts;

)
i

impro&ement of fisheries through better monitoring of biolog-
ical productivity and the physical variables upon whi
productivity depends; and_ - .

zome, .

[N ¢ -
:

The instrumentation planned for SEASAT-A, includes an altimetdr, a scattero-
meter, an ultra-high frequendy radiometer, a microwave polarizatio radiometer,
an infrared® imager, and high” spatial resolution radar imagers, This ensemblé N
of instruments will permit the collection of wind data, wave spectri, wave "
refraction, and data on currents and parameters of the geoid, dnd w Q}'provide
research and development.data needed to permit substantial advances in physical
oceanography. . : '

The Board recommends:

that the SEASAT-A and NIMBUS-G programs be vigorously pursued.
Their measurement products arve critically needed int widerstand
ing processes @f the oceans, including those processes related.
to ocean productivity. : .
4 L
Maritine Communications ) . : . .
Much of the research and experimentation related tosmaritime communi cations ]
rétommgnded in the 1967-68 study has been completed. Extensive maritime com-
munications experiments have been conducted using the ATS series of satellites.
‘ X |
. - A . . . A
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' An operation#l rmaritice satellige cormunication system (MARISAT) will be avail-
able for use 1A the Atlantic and Pacific oceans in mid-1975. While there are
some limitations iA'MARISAT!s initial capabili'ty because of terminal equipment
cost and size, 1t will provide continuous operational commumications services
between 70° N and 70 S latitude\é&cgpt in the Indian Ocean and an.area off the
west coast of Mexico. "It was the opinion of miritime users Involved in the
study that complete coverage in that part of the globe lying between 70° N and
70° S latitudé is needed at the €arliest possible time. In the \980's, it is
expecjed that the search for fuels, minerals and fish in the polar regians will
be iﬂégpsified, and it will then become necessafy to ex:tend the system of
maritine communications to reach the polar regions. It should be noted that
marivime communication serwices are provided by the private sector, which must
perceive a market before making an investment to provide the service.
The early service provided by the operational MARISAT system is expected .
to be adequate.. However, shipboard equipment that can provide the jmproved .
communications- offered by satellites is expensive. Until the cost can be
sharply reduced), a very wide community of users of small ships (and boats) may
not be able to afford improved' (and adequate) communications. A more sophisti- 1
cated spacecraft, while aliowing a less sophisticated terminal, costs.more than
a less sophisticated spacecraft, but it also aliows many more users to-partake
of the spacecraft-related serviges, thus spreading the overall system cost ofer
.2 larger number of users. To reduce the size of shipboard antennas and the
cost of ather shipboard equipment will require that satellites radiate more
power. .
Tne Board coneludes that, if ecomomies are to be achieved in shipboard
egiirment, evphasis will have to be placed by the private sector on research
:d development direeted at inereasing the effective radiated pover of maritime
ecrunicarion sateliites. The Board believes that when the pover radiated by
eornmicarions satellites is inereased, irdusiry will develop lover-cost and
sirzler shipboard terrminals. ' oo :
) v A » ' ° . )
Position Determination’
. A number of ground-based position determination and navigation systems are
/) currently operational. Each has been developed to meet some special need or to
serve some regioqﬂ.and for each there are limitations in coverage, availabiljty
or accuracy. The present proliferation of terrestrial position-determination
systems, no one of which is completely adequate, resul®s in a dissipation of
pubtic and private funds, necessitates carrying aboard ships and gircraft dif-
ferent devices for navigating in various parts of the world, and wastes valuable
segments of the already over-crowded electromagnetic frequency spectrum.
A'uqéfigd system is needed to meet maritime user requirements. It should be
noted that theﬁrequirement;ggf the maritime community for position determinatigﬁ
might be met by a system meeting the requirehents, discussed earlier, of the
extractive industries. ) *
The 1969 NAS repoft recommended that a space-based system be implemented \
to demonstrate -operational feasibility and to find ways to reduce costs. (The
Navy satellite navigation system -- TRANSIT -- is available for civil use and
provides global coverage, but its accuracy ig limited to ‘about one-quarter of a
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mile and the procedure for using it is complicated and requires costly shipboard
equipnent.*)  Experiments since.the study hawe shown the feéasibility of several
techniques for position-determination using sateliites, and have provided a
limited opportunity,for users to sqgehow they may beneficially use, in their
operations, more precise position determination. In the Board's opinion, the
need now s to conduct system demonstrations to permit users to-gain more experi-
* ence so that they may better specify their requirements, and to permit the
/ suppliers of shipboard equipment to evaluate the market.
Y The Board recommends:

pcsi-
on using sazellites be conducted, of su’
° a variectu cf maritirme users .to zain ’

experience needed For ther & speciiy their requiremencs.

-~
-
[

cverrment-industry user demomstravicn of

<
C

In the.-view of the representatives of the maritime community involved in
the study, there is at present no effective means by which the many potential
maritime users in the United States can aggregate and express their needs for
position-determination;services and facilities.. Neither is any international o
body available to provide worldwide coordinatigqn for position-determination
systen developmeRt and implementation. These factors have inhibited the inno-
vative solutions which dppear to be necessary to meet usergneeds.

The Board recommendd: : .

that the responsible federal agemecies encourage leading )

¢ , organizations in the maritime commeity, building on their
cwmlative exrperience gained .from satellite position-

- ' ‘determination demovstrations, to collaborate in.specilying

verformarce requirerments needed For a maritime positiom-:

*determination syster.

. . SOME SPECIAL CONSIDERATIONS CONCERNING SATELLITE TELECOMMUNICATIONS

At the time that the report of the NAS study of space applications was
published in 1969, the Commimications Satellite Corporation and INTELSAT had

L]

' .

o *To gain the maximum,accuracy from a single*pass of the TRANSIT satellite (about
40'n), the velocity of the ship must be accurately known. A velocity error of
one knot in the worst case (east-west direction) degrades the position-
determination accuracy to about 400 m. Ocean currents of several knots-are
commonly encountered by ships, but it may not be possible to measure them
accurately enough to reduce position errors to an insignificant level.

The system accuracy degrades from 40 m to about 200 m during ionospheric dis-
-turbances. This error can Be essentially eliminated by using a shipboard ter-
minal able to recéive and analyze signals at two radio frequencies. Equipment
for civil users is available at a cost of about $30,000 for a single-frequency
terminal or about SSO?OOO for a two-frejuency terminal. These costs could "be
| ‘ reduced by about one-third if there were a market for large numbers of terminals.
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been in business for five years; interim international working arrapgements
had been arrived at, and a basic international satellite communications net-
»ork had been established. ' INTELSAT - III, with a capacity of 1200 voice
circuits, was soon to be launched. The need for, and the character of, ‘a .
United States domestic satellite communications service were being debated.
The NAS report drew attention to the possibility of using satellite repeaters
to distribute television programs domestically and to relay'meteorologic,
oceanographic and hydrologic data from many $urface and near-surface stations, -
some remotely located, where human access would be difficult. The report also
pointed out the possibility of developing much more sophisticated satellite
and surface station technology, and, emphasized the necessity to explore the
use of spectrum regions higher thar the 4 to 6 GHz regions thén in use,

' The past decade has seen a total of 86 countries join the international
satellite ‘communications network and definitive agreements worked.out for
INTELSAT; establishment of thousands of voise circuits in this global network,
accompanied py a marked reduction in vosts to the public for overseas telephone
calls; and widespread international distribution of television, especially for
sports events and news coverage. The possibility of a single satellite that
would permit establishing tens of thousands of voice circuits is being actively
explgred. A policy providing for competitive domestic satellite comaunications
has been established. Domestic satellites have been recently launched to
serve the United States and Canada and many circuits are already in service.
Several other countries are exploring the establishment of national and region-
al systems. A series of Applications Technology Satéllites has beer launched
and their uses studied, culminating in the ATS-6, which has been used for early
experinents in education and health service delivery. Plans are actively under
way to use satellite repeaters to improve maritime and aeronautical communica-
tions. | , .

The recent past, then, has seen an impressive series of accomplishments .
in the satellite communications area -- accomplishments that have realized much
of the promise outlined in the 1969 NAS report. But all of the important goals
set forth in that report have not been attained, and it would be incorrect to
judge that fur;her accomplishments are either relatively unimportant oT, .
unachievable -- far from it, . , .

In addition to the specific examples of needed and possible advances in
communications services suggested &atrlier in this report,vit should be appreci-
ated that appropriately designed ‘and e3tablished domestic satellite commuvica-

-tions c<ircuits could widen the distribution and reduce the cost of reliable

common-carrier voice, data and television communications services throughout
the country generally and improve service for those regions where there is
relatively low population density, difficult terrain, or difficult climatic .
condiggons. Mobile services, which currently represent a multimillion dollar
d year market in the United States, could also be improved. The effectiveness
of air-sea rescue operations could be significantly improved. Appropriate
satellite communications networks could also assist importantly in the Nation's
growing env1r0nmental;ibnitoring activities by relaying data gathered by large
nupbers and varieties of remotely-'lecated surface and near-surface sensors.

The possibility of using satellite communications circuits td speed and
ease the delivery of mail, to- improve access of remote areas to cultural activ-
ities and certain edq;afion and health services, to improve methods of warning
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of natural disaster, and to distribute time and, frequency signals to regioms .
of the earth where conventional radio does pot provide adequate service all . n
appear to hold promise and should be explored further.

It may be expected that many of the mext important appllcaglons of satel-
lite communications will be in the public area -- gppllcatlons that would see
the proxlslon of new public services or of importaht cost reductions OT cost
avoidances in the delivery of present public services. "Adequate technical and
economic exploration and testing of such services, however, will take comsider-
able time and mdney,’ perhaps will require markedly different technological
approaches than those now in hand or being developed, and may not be easily -
accommodated in all cases by the Nation's present common carrier network.

Further important progress will take place at an early moment only if certain
difficulties that now inhibit broadened uses of satellite communications are ..
appreciated and steps taken to minimize them. '

The extraordinary commercial success of satellite communications in the
past decade has led some to conclude recen:ily that all further required progress
can be left to private irdustry alone. Certainly, th@ ‘private sector will .
exploit and refine the _present technology, and will improve the efficiency and,

in time, the quality of services currently provided, But the private sector .

can do so only at a pace-dictated by its own perception of the character and

size of the markets and in a manner consistent with present imvestments, capi-

tal resources, and the present character of the aerospace and communications i
|
|
|
|

.

common carrier industriess Consequently, the private sector will find it dif-
ficult -- perhaps even impossible in the near term -- to support™ajor sophis+
ticated technological adyances, especially when the technological risks are
great, when the eventual markets are not clear, when only the broad public
. . good is involved, or when the present institutional and regulatory framework )
. does not easily respond to new service needs or new technological approaches.
. Under these circumstances, it is the Board’s belief that, unless NASA resumes
its role in advancing the technology of satellite communications, there is a
danger that this country could lose 1mportant opportunities ,and possibly for-
feit its position of technical leadership in this field, Further, NASA has a
statutory role* in.satellite commnications technology, and performancé of much
of this fole requires that NASA maintain its capabilities in satellite communi-
) . cations research and development.

The Board recommends: . : .
that NASA, with tne active enceuragetézfﬁahd assistance of |
the 0ffice of Telecoramications Policy in the Executive 1
2 2ce of the President, maintain a broad and vigarous saiel- ’ ’
lite tel ’

ecamvunzcatzonsf:echnologu development progran. This

-

. Y

*Under Sec. 201(b) of Public Law 87-624 (the Communications Satellite” Act of
1962), NASA is required to advise the Federal Communications Commission on tech-
nical characteristics of the communications satellite system, cooperate with the
Communications Satellite Gorporation in research and development, and consult
with the Communications Satellite Corporation with respect to the technical
characteristics'of the communications satellite system.

s
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rrograr shelld e cre thart DilL allow KASA to continue to
. disckarge its statutory natiomal advisory roie in this area.

-and to assure thkat technclogical advances are rade which may

fe beyord the ability of private sources to support but thate

ither protect the broad interests of the genercl public or . -

offer promise of generating nev or improved telecormmunica-
L Tions marxets or services.

~x

-
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' Many of the tel¥communications services envisioned for the future would
be enhanced, expedi'ted, and made more generally availabie if user terminal < e
equipment were small, lightweight, and easily operated and maintained by non- )
technical people, and the service costs were low. Achieving these ends HMay
well Tequire the development of much more sophisticated spaceoraft than the ones,
now envisioned, operation in electromagnetic spectrum regions significantly
higher in frequencf than 10 GHz, innovative techniques for transmission and . 1N
dynamic circuit allocation; and cost-conscious terminal design, Federal .
research and development in these fields should complenent that of Andustry,
The Board recommends: ' '
. - L]
that NASA; in close consultation with those federal, s te,
+ local and other agencies and groups representing teleco
' moieations users, and in active cooperation with the indus- -
iries expected to provide sgtellite telecommmications equip-
" ! men$ and services, anmmually update and lieize a broad, -
bzﬁzncéd, and continuing technological development program
p responsive to user needs and effectively complementing
the research and development activities of the private sector.

Rapid technological change has marked the past decade's advances in satel-
life communications., The international common carriers needed improved reli-
*ability and increased capacity on their long-haul “trunk. circuits, and they had -
an adequate legal, financial and professional base to incorporate into their
systems the orbiting satellite microwave repeaters and surface terminals devel-
~ oped to meet those needs. Advances in the technological capabilities of the
International common carriers and their supporting industry can be expected to
continue., It appears to the SAB that much of the next decade's activities in
the satellite communications area will be aimed at the provision of new domes-
tic'services-and that a great deal of research and development will be required
== not only of a technological nature but of a market- and service-related
nature as well, COMSAT's experience has demonstrated that satellite telecom-
unications technology can provide circuits of great reliability, range, capac-
ity and flexibility. If the market.for public service communications is large -
enough, circuits could be provided at relatively low cost. To establish
whether there is a large market for public service commmications,' however, will .
require that telecommunications scientists and engineers work closely with .
potential telecommnications users’such as teachers, public officials, doctors
and city planners, over long enough periods of time and with enough,thoughtful
imagination so that all can.ascertain how, to what extent, and under what .
circumstances, telecommunications could be used to assist in the provision of
public and private services in a demonstrably sound, economic and acceptable

.
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The Board recommends:

-
<

' l
that greater ‘support be given by all of the federal depart- . i
ments and agencies to those research, development and other 1
activities required to explore new ways of using satellite .
| « ‘telecommmications to improve, to allow-increased access to -
and to reduce the cost of providing public services. The : .
Cffice of Telecommmications Polzcy .should lead in defining °
and establishing such support and in encouraging innovative
private initiatives (as it has in the recent past fbr a'public
" service satellite consoruzumb'a& well.

)
L ) L]

Because guch research and developmeht activities will involve detailed -
study of compgex'social, economic, oxganizational and institutional arrangements,
the Board suggests that they be planned with great care and involve all of the
professional disciplines and, governmental, commercial and 1ndustr1a1 skills
needed for their satisfactory conduct. 3 " g

To avoid such difficuitiés as attended the move of the ATS-6 satellite to
serve India, satellite telecommunicatigns circuits should bg made available for
the relatively long per1ods of time 1nherent1y required for pub11c use experi-. :
ments. . .
hd ~

: A POSSIBILLTY FOR THE FUTURE: MATERIALS PROCESSING IN,SPACE

Some of the most effective processes-for purifying biological materials and
for manufacturing or refining inorganic matérials are inhibited to some degree
by coﬁvg;tive mixing which occurs in the presence of gravity when heat is intro- .
duced, by intention.or otherwise, into the material being processed. Electro-
phoresis, for example, is widely used for separating, characterizing and ana-'
lyzing certain biological materials that are difficult to separate. In the
electrophoretic process, molequles, groups of molecules, or cells, suspended in Y,
an appropriate solution and immersed in an electrical field,'move in a direction
that depends on the sign of the electrical ‘charge on or near the surface of the
molecule or particle and at a speed proportional to the magnitude of the: electri-
cal charge. If tHe electrical chargey,of the molecule or particle of the sub-’

. stance to be isolated is different frOm that of other substances im the solution,
differences in speed or direction of migration of the molecules or particles may
permit fractionating the various species in a mixture. However, ohmic losses
occur in the solution, introducing heat into the process. In tHe presence of
gravity, this heating results-in convecti¥e currents which tend to remix the
components. Separation by electrophorésis may not be difficult if the differ-
ences in, the electrical charges of the species are large, but in some biological
materials that would be important in medicine. if they could be made sufficiently
pure, the differences in.the electrical charges of the particles involved are
very small, and convective mixing seriously inhibits or prevents fractionation,
Even in cases where separation sufficient to permit observation or classification
can be achieved, convective mixing may prevent separation if the strength of the

. electrical field or the volume of solution is increased in attempts to obtain
sufficient quantities of the material for furthéer analysis, for cultur1ng, or
- for other*practical uses, ., ¢

«
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Some of the characteristics of inorganic materials (for example, crystal-
line perfectian, homogeneity, of precipitation in multiphase systems, and purity)
are adversely affected by gravity when they are processed on earth. Specialized
"drop towers" or earth, aircrgft following ballistic trajectories, or sounding
rockets may be used to provide a gravity-free environment for periods ranging
from a few seconds 40 several minutes, but. many processes for the manufacture
or refinemient of materials require periods of hours, days or weeks to accomplish.,
The time during which near-zero gravity can be achieved at the earth's surface
is not sufficient {for experiments with these processes.,
Just as impoxytantly, ekperiments in space_may reveal phenomena arising
from forces (for dxample, surface tension) that'may be overshadowed by gravi-
tational effects g¢n earth!™ /;' L
* In the view 9f representatives from the materials processing community
involved in the study, two experimental areas -- the processing of biological
materials and the preparation of inorganic materials such as semiconductors --
warrant further exploration. Both involve materjals\of significant commercial
potential. In each case, preliminary results, even if basically scientific in
nature, may provide guidance on how to utilize and/or process materials more
effectively on earth, : : ’

[ >

Processing of Biological Materials
Improvements in resolution and specificity of the electrophoretic proces
in the absence of gravity have been predicted analytically, and to some extent
; confirmed.in experiments in space.* If proces$ing in space could permit bettéggg
" separation of substances, purer forms of current products might be prepared. e

New products might also result. The benefitd from space processing could be
large if certain high cost and low volume biologicals could be prepared in ..
purer form than has been possible on earth.. For example, if improved serum used
in the transplantation of kidneys ahd other organs and suitable hormones (such
as erythropoietin) or other biological products. could be manufactured, relief
might be provided to some of the more than 154000 persbns in tRe United’ States
who suffer from renal insufficiency. Some kidney treatments an ansplants are
now federally supported. It might be possible, therefore, to provide a direct
measure of the costs and perhaps a more exact measure of the benefits of
rehabilitation of such persons and thus to develop a clearer rationale for
government research and development to reduce these expenditures. - vo-

) Too, the estimation of benefits might be related to the effects on the
pharmaceutical industry of successfully deyeloping processes for making higher
purity products. The industry has annual sales df about $8 billion in the
United States, 'of which about five percent is in biologicals. It is possible
that the production and/or quality of a significant fraction of these biologicé}
products might be benefited by research in_space on purification processes.

*M. Bier, J.Q.N. Hinckdgy et al. "Role of Gravisx\in Preparative Electrophoresis,"
Froceedings cf the Third Space Processing Sympostiwm: Skylab Results. George C.
Marshall Space Flight Center, National Aeronautics and Space Administration,

o Marshall Space Flight Center, Alabama, June 1974, pp. 729-754. .
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.According to representatives of‘tﬁe materials processing community involved
in the study, certain biological separations of potential importance in medicine
are difficult to accomplish in the presence of gravity. These include:

the final stages of purification of the hormone erythropoietin

(derived from kidney cells) which ‘'stimulates production:of red ,
blood cells in bone marrow (tens of thousands of patients with

kidnex disease are §evere1y‘anemic for lack of the hormone);

. the final stages or pur1f1cat10n of the enzyme urokinase (derlved

. from kidhey cells) now in large demand to e11m1nate emboli from . >
the circulatory systems of patients; _ . '
I
. aéhieving adequate separation of subpopulations of white blood

cells {lymphocytes) used in productlon of antibodies and other
products that characterize and 'may modify the immuno- responses
of patients to transplants, nucleation, and growth of tumors and
‘ other theraples or pathologles, . -

ach1ev1ng adequate purity in the sepaxation of certain blood pro-

teins that are associated with clottlng <and other‘behavloral

. - features of blood, with anticarcinogenicity, and with other

functions such as the metabolism of neurochemicals; ) -

- ' achieving 'adequate separation among red blood cells (erythro- .
cytes) having different electric charge, dipole layer (zeta -
.potential), den51ty and other characteristics; and
. achiev ng adequate separatlon among‘nerve cells which differ in
. electrolytic, internal electrical, neurochemical and neufological
behavior and functions. N

-

(Similar model materials were suggested in a recent study by a panel of the
. American Institute of -Biological Sciences.*)
—_— The Board recognizes that.it is not expert in biological materials or in
their preparation. Knowing that electrophoresis has been used very success-
fully for separating proteins (and, with more limited success, for separating ,
* cells), some experts have questioned whether there is adequate scientific
gvidence that electrophoresis in the absence of gravity can aacomplish separa-
‘[“ tions not now possible on earth. In view of this, the Board, has consulted a
number of experts in biological materials and has satisfied dtSelf that the
problem of séparating or pu?&fylng some materials (including fﬁose referred to
herein) is a real one. In addition; the Board has also consulted experts in

electrophoresis and has satﬁsfled Atself that gravitational effects remaln a
- L "

f * 3o . . L .

*Rebort of the American Institute of Biological Sciences Paﬁel on Electrophoresis
in Space to the Natipnal Aeronautics and Space Administration (NASW-1901).
American Institute of Biological Sciences, June 1974.

) -
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limiting. factor in certaim applications of electrophoresis: The Board has con-
cluded that .electrophoresis in space may permit separations not yet achieved on
earth or sgparations in quantities not yet possible to prepare on earth. In ¢ '
the Board's opinion, the 4mportance of achieving better separation or of pro-

Mdeeing useful quantities: of a number of biological 'materials makeS.it advisable g
to explore the possibilities by a small but well-planned program of expériments.
. The SAB recommends’ v Sl e
. - - N 1
th&t NASA, in cooperation with the, biological materials ®
, tndustry, undertake a small but vigorous and systematic
! ) program of - experiments with processes for separating,
_ characterizing, and analyzing biological maserials in the \
| prolonged low gravity of space so as to determine whether
significant improvements in thg processing of such mate-
rials car be.accomplished in ‘space or, with knowledge
gained f?om,eiperiments in-space, -on the earth's surface.

)

Processing of ' Inorganic Materials * " .' S
" Some processes for refining inorganic materials extend over periods of
several weeks. This is particularly true of the growth of some crystals in ’
. solution. In a gravity field; nonuniformity in heating causes convective cur-
" rents in the fluid phase of the material ard, in éope.cases, may sighificantly
affect the end properti?t. 'Stirring of the material is frequently a requirement
to reduce sedimgntation “¥hen gravity is presegt, and this affects the process,
sometimes adversely. In the tran$ition from a fluid state to a solid, materials
" pass through a plastic phase in which griavity induces stresses. The stresses
may in turn’adversely affect the structural and electrical properties ¢f the
materials. In some processes, very high temperatures are employed. In this
case, the container in which the process is taking place may enter.into the
process in an undesirable manner. Processing in space may, in some instances,
mitigate the adverse effects of gravity (including convection and sedimentation)
and provide isolation from the container.. For example, ideal diffusion-con-
trolled steady state segregation (never accomplished on earth) was achieved by H
a group of sCientists from the Massachusetts Institute of Technology during‘ghe
growth of teldurium-doped indium antimonide crystals in experiments carried on
Skylab III and IV.* : , :
Répresentatives of the materials processing community who participated din
the study suggested that experiments in the processing of inorganic materials
might have two types of benefits: (1) improved knowledge about more perfect
| . ‘materials which it may be possible to derive in space and thereby- shed light on
desirable processes on earth.and (2) the possibility of producing very smald
_quantities of highly critical materials that cannot pow be produced on earth.
~ The Board believes that these possibilities merit further examination. . .

*A.F, Witt, H.C. gatos et al, "Crystal Growth and Steady Statq-Ség:ggatién .
Under Zero Gravity: InSb," Journal of the Electrochemical Society. Vol. 122,
No. 2, 1975; pp. 276-283. .- <.
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The SAB. recommen s . ! i :

that NASA, in coZZabobatwn with the materials pmcesszng
zndusmes, examine' prepamtwn processes for inprganic
materials to determing whether: any could utzZzze ‘she space

environment to advintage. )
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. _ .
- . ORGANIZING TO.USE THE NEW CAPABILITY
q

N '

v -

' Weather satellites and communications satellites have already entered into
the service of mankind, and satellites for observing the earth's resources are
on the verge of doing so. An institution -- the National Aeronautics and Space
Administration -- exists for continuing non-defense space-related research and
development, If this research and development continues to have the support
of the public, the Congress and the President, advancements in technology and
thus pptential new benefits may be expected, Whether the benefits from practi-
cal uses of space systems will even approach full realization depends on our
. " ability as a Nation to organize oursélves to capitalize on these new capabil- °
ities. To do so will require the solution of a host of non-technical problems,
For example:
there is not as yet any institutional arrangement to provide for
that phase in the development of a space system when the techno-
logical capabilities -of the system have been demonstrated but the -
. user community is not yet aggregated or has not yet had sufficient
gpportunity to try the system and to decide if it should replace” -
" or supplement older methods, ‘

¢

< v

only a very small fraction of potential users are aware of or know .
_how to use the information or services that space systems could .
provide; : ’ '
" potential users are scattered throughout many fields of. agtivity .
. and in many states, citiés, industries and businesses, and thus- - °
do not constitute an gggregated "market" to which commerce and - .
industry can easily reSpond. . RN ' o ’
. - - e
available institutiqnal arrangements are inadequate for identify- .
ing the needs of potential users-so'as to provide direct and
consistent guidance to technologists and the developers of space
systems, ' ' ' .

except for'éatellite communications, there has been little non-
Tl federgl contribution to funding of development or operation of
. v". . major space-related sr&;sés. /; . )
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there are, as of now, no provisions for continuing sateilite

development experiments after technical feasibility has been

demonstrated. Thus, potential users do not have the opportunity J
to experiment with the new capability in ‘their day-to-day

activities on the ground and to decide what part, if any, this

new capability should have in their work.

. potential new users have no assurance that if they begin to rely
5? on space-derived information or serv1ces, they will continue to
be avallable

for many of the useful applications of space systems con51dered
in this report thefe are nqt adequatp institutional arrangements,
private or public, to initiate operdtional systems. ,This is
particularly evident in areas where different user communities
cauld benefit from a common system. .

PROVIDENG FOR THE TRANSITIONAL STAGE
IN THE EVOLUTION OF SPACE SYSTEMS

There is an important tran51t10na1 stage between research and development
‘and the implementation of an operational applications system. In the transi-
tional Stage, the technologlcal capabilities of the system have been demon- ‘§
strated, but the user’ community is not yet aggregated or has not yet had
sufficient opportunity to try the tem and to decide if it should replace or .
supplement older .methods. If:the {ransitional stage is not provided for, sys- . - \,://
tems that could provide important benefits may not come into use.. . .

There is a wide variation in the'capabiility of users to understand the -
significance of space technology, spack-derived data and space-related services .3
and to begin to assess them‘in terms of their individual operations. Some '
organizations consider operational (in their terms) their use of experimental
and developmental space syStems. At the other extreme are large numbers of
potential users who have little or no knowledge of space-derived information or .
services that may be available and who have never had the opportunlty to con- \
sider whether these sarvices mlght be of use to them.

Perhaps a greater problem is that of providing to existing organizations -- »
ones relying on well-developed and long-standing techniques -- the opportumity
to obJectlvely evaluate and consider the possib}é benefits of employing space-
based information or services, either to augment or to supplant present methods.

( It is clearly me0551b1e at the present time to delineate précisely the

dividing line between the proper functions of the federal government and the

. private sector. The Board believes that federally supported experiments with
institutional mechanisms, conducted in cooperation with users in state, regional
dnd logal governments, as well as the private sector, should be an integral part
"0f a national progran for utilizetion, of space technology and should shed some
light on the proper d1v1S19n between functions of the government and. f&nczzans
of the private sector Sueh experimental activities should 1nc1ude pzlot proj-"
ects using field testing techniques that: .

. ". )' '_:
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1 4 are nat regafded necessarily&§§}precedent setting;

‘do not imply advocacy of a particular institutional approach;
/ do not imply continuing federal support; and

. provide for, independent evaluation. . .

\ LI ]

The expected outcome of such pilot projects would npt be standardized
institutional models, but rather beQ;er understanding of and.experience with
the various institutional arrangements in different geographical, political,
socioeconomic, and cultural contexts.* Experiments would focus on stimulating
the acquigition and use of the products of space systems through specific atten-
tion to: . , :
. .

mechanisms to define and assess user .Tequirements. Emphasis
should be placed on a diversity of mechanisms and on encouraging

: the utilization of technical talent from universities, not-for-
profit research organizations, and the private sector to assist
.and to increase user capability. ) ‘

capability-building programs,’ to educate the user groups .on the

;o nature and potential uses of data and services and on the kinds '
of software systems needed to utilize them; to provide -skill.

training; to encourage the 'development of management capability: ¢

in the use of space-related information; to provide adviceé to

users in adapting multiple-use systems to specifig local - S
' applications. : v
o methods for aggregating and.standardizing requirements by juris-

dictional levels, geographic region, and functional areas of use
such as earth resources or environmental quality, i
J ” . .

13

*For example, a Federal Regional Commission might be asked to work with NASA
’ establish a set of user requirements for information on a problem of high

L priority (e.g., an inventory of land use or water resources) for that region.
The experiment could be designed to test a set of ingtitutional variables, such
as means for inwolving various jurisdictions (state, county, mumicipality, etc.)
withiin the region and to assess the effectiveness of various sources of techni-
cal capabilities to ewvaluate information derived from remote sensors and to
find\ways to implement ‘decisions based on the information. An experiment could
be designed to evaluate the nvolvement of federai laboratories, private indusi
try, universities, or staff grofessionals of the Commission or its component
jurisdictions. The project could'be set up with ground rules™hat clearly
establish it as an experimental program, whose basic objective would be to Yyield
information on the:best means of working with a user group. .-
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Experiments should be based upon awareness and assessment of previous and .

current institutional arrangements for technology application; efforts of NASA
and other agencies in fostering non-federal involtement; and current experi- -
mental efforts at technology transfer, such as those being conducted by the
National Science Foundation, the National Bureau of Standards.and other fedéral
agencies.* Provisions should Be made for at least some of the institutiongl w
arrangements experiments to be designed and proposed by the potential usérs
themselves. . . . .
Responsibility for this program should eventually be assigned to an institu-
tional mechanism, discussed later in this report. However, such a program of
experimentation should be initiated without delay. Pending the establishment .
" of a new institutioral arrangement, the responsibility for initiating the pro-
gra=m .could he asgigned to NASA, with the cooperation and involvement of the
relevant fedexal user agencies. .
- The Board\recommends: -

{

that experirents Ditn, institutional arrangements designed to i
stirulate users to apply space-dérived information and services
in their own fields be undertaken as'soon as.possible by NASA.

Some authorities consider that the Space Act authorizes NASA to work in the
transitional phase.'Others do not.** Under the circumstances, NASA has refrain- .
ed from carrying demonstrations beyond indication of technical feasibility, As
a result, potential users have not had adequate opportunity to evaluate new
services. The Board suggests that‘a review of the NASA charter as it was set

, forth in the National Aeronautics and Space Act of 1958 be undertaken in the
context of emerging large-scale applications of space technology. ' '
. The Board recommends:

that Congress cZar%fy the extent to which NASA should be in~ , *
gggg;d in the transitional phase of space system applications.

' ~ .
*Federal Obligations for Management, Processing and Transfer of Setentific and
Technical Information Data and Technology, FY 1969-73. Prepared for thé

Office of Science and Technology, Executive Office of the President. Govern- Co
ment Printing Office, Washington, D.C., 1972. o

.

**The functions of the National Aeronautics and Space Administration, as set forth
in Section 203 of the National Aeronautics and Space Act of 1958 (Public Law <
85-568), are to: (1) plan, direct, and conduct aeronautical and space activi-
ties; (2) arrange for participation by the scientific community in planning
scientific measurements and observations to be made through 'use bf aeronautical
and space vehicles, and conduct or arrange for the conduct of such ieasurements
and observations; and (3) provide for the widest practicable and appropriate .
dissemination of information concerning its activities and the results thereof.

A )

.
»
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THE‘NEED FOR A NEW INSTITUTIONAL MECHANISM

There exists at present no imstitutional mechanism that permits thg large,

body of potential users -- which the Board dees as existing in federal agencies
~ and in state and local governments, in indus ry and the business community, and
in educational institutions -- to express their needs and to have a voice in
matters leading to the definition of new systems., To date it is the providers
of space systems who devise what they believe are useful requirements and pro-
ceed to build experimental systems. They then find themselves in the position
of trying to "sell" this technology to prospective users, While this process
works well (and needs to be continued) for stimulating technology, it needs to
be reversed with regard to involvement of the users. The Board perceives a
need for some institutional mechanism designed to assure user participation in
defining new applications. ’ ‘

The institutional problems are ones of organization, communication and
leadership --‘problems which can only be ameliorated by establishing some means
. in addition to those which the Nation has developed to date for dealing with /

space technology. The Board believes such a mechanism’ (or mechanisms) is re- ’
‘quired to serve the following functions:

Provide general policy direction: There is meed for a focal
point where questions of the initiation of major space applica-
tions programs of potential national interest, their utility,
growth, effectiveness and direction can be debated and decided
-- subjett, of course, to review by the Congress and the

P President of the United Sgates.
4
Set priorities: \ As the information and services provided by
space-based systems enter into wider use, there will be competing .

demands for those services réquiring priority decisions regarding
funds, personnel, facilities, and launch services. Methods in
. addition to those employed in the past for developing techmology
K/”f/, alone are needed to decide under what conditions and in what order
organizations with competing needs are entitled to use such

national resources. ‘ }

- . o
f

Establish prieing policy: Procedures, made generally known to

all potential users, are needed for pricing féderally funded

products and services and the use of national faqjlities. , ,

Provide ‘for communication between users and providers: To supple-

ment the normal and generally useful informal eontacts betweern.

wroviders and users of space-derived information and services,

there is need ‘for a stricture within which formal exchange-of *

ideas, proposals, criticisms and .evaluation of space-related

applications can take place. It is particularly important to -

N " assure regular and effective input to planning of federal space’
applications programs from non-federal entities -~ that is, from.
states, metropolitan areas, counties, cities and the privage

. ' sector -- which might be important users. _ . ! .
> . 37 - .
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Encourage non-federal investment: Private capital will be

. attracted to invest in space gystems designed to provide market-
able goods and services onlyfif the risks and the returns are
perceived as reasonable. The risks and returns are particularly
difficult to assess at the transitional phase in the development
of a space system. Leadership is needed to encourage federal
agencies (both operating agencies and regulatory agencies) to
find ways to reduce the risks to the .private sector and assure a
reasonable return to private capital invested in space systems.
For example, under current procedures, if a company pays NASA
for the launch of a satellite’ and the launch vehicle fails, the

. company loses thépcosts of therlaunch vehicle and the launch

- . op€ration (as wel} as the cost of the satellite). NASA has
examined the possibility of itposing an additional charge deemed
*  sufficient te recover.fpr the federal government, on an actuarial

basis, the cost*of launch failures from the total group of private
sector users. Under existing laws and regulations, however,
monigs recovered by the @dditional ‘charge would revert to-the
Treasury rather than becoming available to NASA to pay. for replace-
ment of the failed launch vehicle. Under these circumstances,,
NASA has pot found.it possible to guarantee launches, and the risk °

to the individual buyér of a launch remains.
) [

_ SOME OPTIONS
LY
The Board has examined the advantages and disadvantages of four‘options
for institutional mechanisms to perform the Functions just’discussed. ",

Option I - An Existing Operatiﬁg Agency . e R :

e AN .

This option consi?ts\gf placing in one of the existing federal agencies
having a major interest in space technology, the prime responsibility for per-
formance of the required functions, and the authority -- subject to appeal to
Oor review by the President -- to settle disagreements or.make allocative deci-
sions. This would not-rearrange present assignments, opegating responsibilities
or location of substantive expertise. It would simply establish a lead agency,
with final authority and responsibility, much as‘the.State Department operates
in the field of foreign affairs. This option would require formal arrangements
by which other agencies and non-federal users could be consulted priQr to deci-
sions and by which the lead agency could be kept informed about actions on its
decisions and the results thereof. This option has a number of advantagqf,in-
cluding clear lines of authority, low cost, and rapid start-up. However, in
the Board's opinion, it would be unworkable in practice, Programs would be
subject to bias in favor of the miSsion of the chosen agency. The lead agency
would be in the position of making judgments about. the work of other agencies,
Refusal of agencies to accept subordinate status would lead to pressure” for
splintering of functions and multiple requests for exceptions from th¢ author-
itv of the lead agency. ~

4
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Option II - A New Agency Established for the Purpose

This option assumes thé creation of a new agency whose sole purpose is to
perform the functions discussed at ‘the beginning of this section. Operational
responsibilities of existing agencies would remain undisturbed. Analogous
examples might be the original form of the Office of Economic Opportunity (less
its operating functions) or the role of the United Nations Development Program
vis-a-vis-the U.N, Specialized Agericies. In both of these cases, the ‘principal
leverage of the coordinating agency has,been that the bulk of the funds involved

flowed through it, as would be the case for this option. To be effective, the

. agency might have to be placed in the Executive Office of the President.

The lack of any historical bias or prior operation within the governmenf
is one advantage of this approach. In addition, existing agencies might find
a new agencCy easier to accept thanm' a lead agency selected from among them.

. Disadvantages include potentially high cost and slow start-up. Further, as in

the case of Qption I, the specialized constituencies of existing agencies could
be expected to make it difficult for the new agency to function effectively.

Most importantly, however, this arrangement would result in ‘an unacceptable level
of duplication, and would not néhessarily reduce the problems of potential users
in dealing with the federal establishment. ’ ‘ : .

13

Option IIT ¢ A Space Applications Corporation Chartered by Congress

3

Option III consists of a congressionally chartered private corporation

which would have as its business the development and operation of space systeﬁs :

for practical use, and would develop the market for and sell for profit the
resulting space-derived information and services. The corporation would be

" supervised by a board of directors, the composition of which would be determined

by the Congress to assure adequate consideration of the interests of the public
and of the private sector. The corporation would be financed initially by con-
gressionally appropriated funds, and later - @s it developed a market for its
products and services -- by the sale of stock. ) .

~ The Communications Satellite Corporation (COMSAT) is an example of such a
corporation. COMSAT was established by the Congress 'in 1962 to plan, develop
and implement a commercial communications satellite system, and is regulated by
the federal government, ' .

The corporation considered. in this option would seek out -user needs and
translate them into system requirements, aggregating them to arrive at efficient
common-use systems. The corporation would define the systems characteristics,
procure systems from the private sector, pay for launch of the space element of °
the system, contract for operation of the system after proper functioning of the
space element had been verified, process the data obtained and provide customers
with the needed information or services, The corporation would work closely,
with the user community, with the suppliers of technology (government agencies,
universities, not-for-profit research centers), and with the suppliers of systems
(the aerospace and electronics industries) in the role of a coordinator, inte-
grator and financier, o \
This option assumes that it is in the public interest to assign responsibil-

tty for the operation of space systems to a single federally created corporation

~
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rather than leaving it to commercial competition because: (1) the potential
economic significance of earth observations requires regulation to protect the -
right of access to the data on an equal basis; (2) earth observations cross
private property lines and local, state and national political boundaries, and
inherently involve observations of the property of others (and thus the data

“obtained should be considered as property common to all citizens); and (3) the

benefits of the systems can be perceived as accruing from a major investment —
of the taxpayers' money in research and development performed by the federal
government,
Advantages of the private corporatiom include the motivation to show a
profit, relieving the federal government of involvement in operational systems,
and the incentive to interact with users of ihformation and services and with
the suppliers of technology to assure that the product matches the need.
Disadvantages include the fact that central planning, review and confrol
of government agency activities related to space systems would not be achicded.
The goals of the private corporation might not be compatible with national goals.
Most importantly,;however, it is questionable whether the Executive Branch and
the Congress could agree on formation of such a corporation until the transition
ase of systems had been carried sufficiently far to enable the private sector
to assess risks and returns, and thus attract private capital., In the case of
COMSAT, there was an aggregated market alyeady in existence: common-carrier '
cefimunications companies were enthusiastic about the possibilities of satellite
communications. Few or none ‘of the elements of this favorable environment
exist at this time for space-derived services other than the common-carrier
communications of the type provided by COMSAT.
An additional disadvantage is the length of time that would be required to
resolve the complex industxy-government interface, with-its legal, social and
financial aspects that must be negotiated, debated and decided at the highest .
national levels. In the case of COMSAT, several year$ were required to work out
an acceptable igdustry-government interface. Additional legal, organizational,
national security or other difficulties could be experienced in the international
arena. ’

o
Option IV - A Céngressionally‘“andated National Council )

This option envisages the formdtion by Congress of a National Space
Applications Council, established by statute and charged with tesponsibility for
the following functions for all practical applications of space systems:
general policy diraction; priority setting; .assurance of continuity and'stan- -
dardization; price setting; establishing: formal contact between users and s
pliers; coordination of program implementation and evaluation, of program devepop-
ment; and encouraggment of non-federal involvement and investment., As in ail
federal programs, this authority would be subject to review by the Congress and
review and approval by the President. . - '
The Council would include as participating members representatives, at the
Under Secretary level, of all federal agencies with legitimate and substantial
interests ip <he use of spale systems for practical purposes. This would in-
clude appropriate Departments of the Executive Branch, NASA, the National
Science Foundation, and certain other indepefdent agencies (the precise list
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would be arrived at in preparing the authorizing legislation)., State and local
government agencies would pafrticipate and the law would direct the Courcil to
evolve effective and equitable means of assuring their r;sresentation. These |
v nen-federal representatives would acquire voting status soon as possible-and -
certainly within a very few years, . .
The Council would be charged with (1) building a nationwide process whereby
user views are solicited, aggregated, and taken into account, (2) determining
_the U.S. role in such a process worldwide at such a time as this becomes appro-
, priate, and (3) developing a procedure by which, where possible, non-federal
(’ interests gradually assume (under federal regulation) control and funding of .. .

space systed§ and their applications as they become operational., Delegating {5?
these responsibilities to the Council does not imply~that weakening connections
between operating agencies and the user community is necessary or desirable,

The Council would be required to prepare for the Congress an annual report
surmarizing major -issues and decisions, outlining future plans and assessing
future implications.. A strong commitment to open debate and full disclosure
has bebn one of the strengths of the U.S. space program, and this commitment .
should be carried over to operational space syst€is so that full public adv
tage can be had from investments in the space program,

A congressioAal mandate would be needed to provide clear accountability for
tie performance of assigned functions. Such authority would aiso be neededy
provide for the Congress and for the Executive Branch a means of measurs3i
value of space applications on a broader basis than has been possible to date,

. Option IV offers a‘number of-advantages, It could be brought into being
wifhout major delay or organizational perturbations, It provides’b§:al status ,

for representatives of the participating agencies. ~No changes would be required
in existing structures or agencies, congréssional constituencies, appropriations
Or operating responsibilities. The Council would bring officials responsible
- for research-and developntent ‘together with officials responsible for operational®
» systems in a forum conducive to planning and implémentation of ‘transitional.
phase” demonstrations, designed to identify the market and to permit assessment.
of costs, benefits and risks associated with an operational system., Under the
Council, applications of space rechniques would be motivated by user needs and
not solely by individual agency interests, the exigencies of the federal budget
ny given time, Or industry profits. A good mechanism would thus bé‘prqyided
for setting priorities. State, local and private participation could be'assured.
ified program and ahégbrdinated budget could be developed. s
It is recognized th¥t there is much in histoxy to support sképticism about

\ he JeffectiVeness of an intefgency group, particularly ond that must include
3 ¢séntation from most of the large agencies in the government . Statutory
authority could mitigaggs :. weakness by providing a clear assignment of ’/~\7
responsibilities., In reprgsentation, together with that from state and

local agencies, would help to keep all participants aware of priorities and
problefhs in differeng fields and reduce tendencies t6 parochialism. There are
examples of reasonabiiy feffective interagency groups, and the Board believes

that there is reasoﬁ'fq; confidence that, in the evolution of;tﬁe SAT pro-
gram, a pattern of cooperation among space-interested agencies has been estab-
lished that can carry over into a broader structure, .

¢
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A RECOMMENDED, INSTITUTIONAL ARRANGEMENT X!
_ -~ : .

If the Nation is to achieve the full benefits that.the services and infor-
mation space,systems potentially can provide to the public, to industry and
to local and stete government, regional authorities and federal agencies, it
must be organized to do so. Because the activities of a number of federal
agencies would be impo}tantly affected, ft is the Board's judgment that it
would be unwise to place responsibility for the broad functions that must be
performed in an existing federal agency (option I) or in a new federal agency.
(option II).

The Board believes that a congressionally chartered Space Appllcatrons
Corporation (or Corporations) will come into being when users have had the
opportunity to try space-derived services in their fields for an appreciable.
time through transitional phase demonstrations, when more work has been done to
aggregate the market fgr such services and when there is sufficient evidence’
that the market will be profitable, In the Board's opit#on, it will\take at
least three to five years for these conditions to be fulfilled,’ H

Itv*is the Board's judgment that, at the present time, the National Space
Kbpllcatlons Council, 4 scribed as option Iv, offers the best promise gf organi-
zing activities, both in the public and the prlvate sectors, to beginf/to realize
real benefits from the substantial natigpal 1nvestmept in the 'space grogram.

v Accordlngly, the Board fecommends: :

K]

. that there b establishe®by gtatute a National Space Ap lications
1 Council, chapged with responsabglity for the following fnctions |
for aZZ-pr tical applicati ®F space systems genera olzcy R
direction; priority setting; assurarice of captinuity and - %
zzatzon,,é;zce setting;' es shi formal co#tact between use
and suppliers; coordination of proyam implementation and evalua~ 4
tion of program dévelopment and en agement of 'non-fedeval
involvement and investment. ' .. ) ; L .
Upon its establishment,’the Council should take over responsibility for
the experiments with institutional arrangements designed to. stlmulate users
which were recommended earlier‘in this report.
~ ’

‘




\ SOME OBSERVATIONS
ON BENEFITS AND COSTS.

+As noted earlier, it is not the intention in this 5tudy’ to make specific
cost-beiefit analyses, but rather to inquire into whether such analyses are
feasible, in what fields they should be conducted, and in general to consider
what should-be done to arrive at an acceptable basis for making decisions con-
cerning investments in reséarch and development related to practical uses of
° space systems, o :
It appears to the SAB that to date cost-benefit studies of space systems
- have been essentially analytical studies, relying on the standar concepts and
tools of economic analysis and built around whatever relevant dath,were avdil-
able, As in any‘study, the ground rules established in advance and the assump-
. tions made have been crusial to the outcome. For example, a study -of costs and
benefits for a few cases of uses of earth observations was recently conducted:
for the Department of the Interior.* This study was copcerned with the question
of whether it would be productive to proceed with an operational system ubing
the existing LANDSAT sensors, Thus, the ground rules for this study precluded
taking into consideration improvements in remote éensing technology that might
come about over the next several years, (Similarly, potential improvements in
the sensors for'a competing hi@h altitude aircraft system were not considered,)
Only benefits from fully proven uses of LANDSAT data were considered, Benefits -
that migﬁi accrue from improved forecasting of agricultural production were '
excluded as neither proven nor disproven. As a result, the estimates in this
most recent cost-benefit study are considered by the SAB to be overly conserva-
+ tivg for both space.and aircraft systems, - X
The Board feels that it is time to take steps to assure that better data
' and broader professional experience relevent to analysis of costs and benefits
will be avaiilable, It has been recommended earlier in this report that the
plan for the Large Area Crop Inventory Experiment provide for observation of
those parameters needed for cost-benefit estimates relative to an operational
system, ‘In fdct, this should be done in most research and development programs
that anticipate eventual large-scale operations. C .
o~ o . .

.

-

*earth Reésources Survey Benefit-Cost Study.” Prepared by the Earth Satellite
, Corporation and the Booz-Allen Applied Research Coxporation for the U.S. -
Geological Survey. -U.S. Department of the Interior, Geological’ Survey, '
>, November 1974, ,
‘ v . . . ) 7 “
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. Accordingly, -the Board recommends:
@ ‘ - v
that, wherever possible, the plans for experiments in the
practzcal use of space systems make specific provision for
observation of all parameters\significant to éventual cost-
benefit analysis.

The Board considers that, given time-and the appropriate input data, it is
possible to make cost-benefit studies sufficiently valid to be used in the
decisién process for the research and development, transitional, and operational
phases of space appllcatlons. The Board points out, however, that wh11e such
studies should be made in-depth prior to detisions related to opefattonal systems,
the same depthvis not p0551b1e for, nor should it be requlred for, the research
. and development and the transitiqnal phases. The Board also feels that cost-
benefit analyses related to operational applications should take into account,
broad end goals, such as adequate supplies of food, energy, and minerals,
rather than the much narrower objectives which typlfy studles made to date.

The Board recomménds:

that cost-benefit studies in antzczpatzon of operational sys-
N tems be conducted-in the* areas of food supply and dzstrzbutzon,.
™ energy sources and distribution; mineral discovery; and environ-
mental quality.

The Board is confident in its bellef that the use of space systems to
assist in the solution of some of mankind's .everyday problems is, and should
continue to be, beneficial. It should be possible, given time, to quantify
future benefits. Based on rough estimates, the Board believes that when such
calculations are made, the benefits in many cases will be “shown to exceed the
costs by a substantial margin. This report has outlined some of the needs that
space-derived information or services might be able to satisfy. The following
examples give some measure of the pqtential dollar benéfits. ‘

"According to the land use planners involved in the study,'
,State and local governments are currently spending about $480
\T:qu\\ million annually, to acquire and to keep track of land use data.

These planners éstimated that an operational space-based remote | (

*

»

sensing cépability augmenting existing aireraft and ground-
based systems mlght save a significant fraction of these data
. N costs.

[
»

Agrlculturallsts 1ny9f‘3ﬁ in, the study ‘estimated that a Wordd-
wide Agriculture Survey using an in egrated system drawing on
data from LANDSAT, EOS, SEOS, SMS,* NIMBUS, AND SEASAT, plus

) currently existing aircraf; and ground -based systems; could

z

) - : ’ Uy
- . L

*EOS is aqprojected'operational Earth Observatory Satellite‘ SEOS is a synchro-
. nous or¥biting version of EOS; and SMS is the Synchronous Meteorological
‘Satellite. ,

-
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yield t6 the United Sté!es cumulative benefits, arising from
increased production, improved distribution, better import+
export decisions, and Teduced costs, exceeding $8 billion in
current dolrars. It is believed that the cost of developing

and operating the integrated system would be considerably less
than that amount. . . . A

" The Water Resources Planning Act of 1965 stipulates that a

" national inventory be made biangually. To date only one
inventory has been made and it was less than.satisfactory be-
cause basic data were lacking on both the supply and the ase-
of water and because, ‘at that time, there was an almest com- .
plete lack of data on the quality .of the Nation's water.
Currently another national inventory is under way at an appro- !
priated cost of $605 million. Representatives of the water
resource management community involved in the, study estimated
that the actual cost of the inventory will be about twice the
amount apﬁropriafgd if conventional means of data collection
are used. They estimated that a significant part of these
data costs could be saved if space-baged remote sensing were .

added to current capabilitiesy ,

[y

Cargo and shipping losses~caused by weather are now $500 mil-
lion annually, Representatives of the maritime community in-
volved in the study Have concluged that improyed wave and |
weather forecasts, which space systems migh;'make\possibles
could permit -important reductions if these losses. They
further. concluded that improved routing which space-based
navigation could make possible, wowdd permit important addi-
tional savings in the $450 million fyel cost currently ex-
Perienced in transftlantic service by the U.S. flag fleet, :
of 570 ships. . e e -

2 4

Future costs are almost «as difficult to estimate as future benefits, If
the current Space Shuttle payload model” is realized in the- 1980-91 era, by
1991 the cumulative costs of the space applications portion of the payload
model could amount to about $11 .billion in 1972- dollars for payloads, launch
operations and data acquisition. The payload model p;;lptts 60 Shuttle flights
per year for all uses, of which about 20 flights are fST applications missions.
A significant number of the latter are projected to satisfy private users who
might be éxpected to pay for the service,.hdSing independently judged the bene-
fits to exceed the costs. Although these projections are the.best that can be
obtained, the Board considers these cost estimates to be little more than %n-
structive because of the difficulty ofypredicting so far into the future,

. .
-, L

1)

*Space Shuttle Payloads: Hearings on épaae'kiesépns, ?uyZoaas, and -Traffie for
the Shuttle Era. U Senate Committee on Aeronautical and Space Sciences,
October 30, 1973. . '
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especially given the present limited experience with large-scale practical
applications of space systems. The difficulty of making sound projections
emphasizes the importance of careful planning for in-depth’ studies of opera-
tional systems recommended earlier.
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spacerderived'infbrmation and services will
*

" Users and potential users

" need continued access to space by means of a transportation system that is

botH easy to"use and reasonably priced in terms of the bénefits. to be achieved,

The present space transportation system -~ which does not fully meet ease of

us¢ and cost requirements -- comsists of launch vehicles (such as Delta, Titan
and Centaur) that are expended in a single use.* KASA is d veloping for use in

_ the 1980's a space transportation system designed to  provide easy access to -

space and to reduce casts by reuse of major system elerments. The system will

include a reusable manned vehicle (the Space Shuttle) with a cargo bay and a

_propulsion stage, ‘called the Tug, to be carried into low- earth orbit by the
Shuttle. The Tug, planned for later develapment, will move space applications
‘and space science payloads frém the Shuttle's low earth orbit (ab6gt 185 km) -
to highér altitudes, including geostationary orbit (about 41,000 Km) and beyond.
An a@ﬁitidﬂhl element, intended to be carried into earth orbit by the Shuttle,
is a habitable space laboratory, appropriately named Spacelab, which is being
develdped by the Europeag Space Research Organizdtion (ESRO). Those space -
applicdtions and space science tasks that could benefit from the presence -of

* humans could bé carried out in Spacelab, '

It is planned that in the early 1980's, space transportation services
will begin to be provided by the Shuttle system instead gf by expendable launch
vehicles. The study pariels ‘toncluded that the Planned performance of the Space.
Shuttle system, assuming polar and geosynchronous orbit cgpabiiigy,'will ade-
quately accommodate.spacecraft, to méet foreseen user needs. L.

The"Board emphasizes that to satisfy<the:information or service needs
expressed by the study's user panels will requiré.--.in almost every user
cat&gory -- spacecraft in either polar or peosynchromous orbits. To the best
of the'Board's knowledge, present plans for these Shuttde system capabilities

are not firm. If ‘there is not, them, to be a lag in meeting the,launch needs
for applications satellites wheir copventional launch vehiélgé are phased out
and the Shuttle becomes tHe opefaizgnal'launch vehicle, firm planning should
provide: for an early*hgrth-south launch capability so thit the Shuttlé can
place payloads ia polar orbit, Similarly, means for transferring pgfloads “from
Shuttle orbit to synchronous orbit should be évailable,afﬂthe ti?;/§§; Shuttle

becomes .the operational launcher..
L}

.
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The Board recommends: ;. T T .
. ‘that to meet the needs to plaae appra‘mofzs pay%oads in polar
and geosynichronous orbits, both north-south lawrweh capability.
*and the Tug, be firmly plawmed for avazlabzlzi:y with the earliest
operational Space Shuttl‘e s zem.

- To avotd the possibility of lag aunching applications satellites.will
require maintaining copventional launch vehicle capability during the transition

“to Shuttle operation and until the Shuttle system provides the capabilities of

polar and geosynchronoys ortits, 'The dlternative would be to forebear from or
delay the beneficial uses of satellites as percelved by the user panels.,

The Board recomends: .

that conventional launch vehicle capabzlzty be maintained to
vezm,t launching avplwatwns payloads until the Shuttle system,
c’z',nc'z',ud'z.ng eapacity. for both polar and geosynchronous orbzts

*becomes operational.
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IN CONCLUSION

-

In preparing this, report, the Space Applications Bo has drawn heavily -
on the work of a group of potential users of the informatio) and services
that earth-orbiting satellites could provide., Convened for\ a two-week period
during the summer of 1974% the users, senior and experiencedlin their respective
g b fields, came from the world of federal, state and local government, and from

business and industry. Their concerns were with very real problems, such as |,
assuring adequate supplies of food, water, and energy, protecting man's physical
-environment, and providing services for the public good, such as communications,
navigation and weather forecasting, Many of the potential users had little or
no knowledge of practical uses of satellités, and they came to the study with
a healthy skepticism about the usefulness of space systems. Perhaps the most
tmportant result of the study is the fact that as the uger panelists began -to
widerstand vhat the ewrrent and futuré possibilities were, they perceived yge-
ful services that could be applied lto their activities, whether in the mbilic
or in the private gector. The studl concluded with a conviction on the part of
the users that widespread use of information and services derived from space '

. systens should be encouraged, and that means should be found to implement the

‘ systems ,that they saw as needed. - - -

It jeens clearvto the Board that space systems can serve the Nation in

J many new ways. It seehs equally’ clear, however, that present institutional

' arrangements are not adequate to permit the Nation to-realize in a timely manner

. all of the potential benefits.that spdce systems can pfbvide.
The Board hopes that the recommendations it has madé in this Teport --

dealing with user needs, with technology and with institutional arrangements --

’ will help to assure that the national investment in space technology brings full

returns in the service of man, Ve : : )

- 4
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